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AUTMOirtS IM^KFAC'E. 

MoTWiTHS'i’AN)n>:« the iiia^nitnde wliich the manufacture of 
nhfiinieal Manures has assumed in no author has 

hitliei'io atlcaiijtecl to maho it the subject of a special treatise 
in the French language. The author has endea-vournd to 
till this gap iu spite of the difficulties inherent to the subject. 

From a technical point of view, French literature supi Ties 
but little material for such a purpose. French chemists and 
works managers rarely write. They are tied down by pro- 
fess ioiial secrecy, and when they do risk writing their prose is 
complicated by an embarrassed reticence, which deprives it of 
all practical interest. Foreign publications, German especially, 
are better ei^uippcd in this respect. In addition to iiuinerous 
special trcatiAis, annual reports on the progi’ess of ditferent 
industries are available, edited most often by retired practical 
men or by old works managers, knowing everything, calling 
things by their names, discussing the value of the new pro- 
cesses recommended or applied, pointing out their merits and 
defects. 

The numerous and valuable data which the author has 
thus collected have largely lecompenserl him for the ill-will 
which he encountered elsewhere. Certain constructors, it is 
true that they are not precisely at the head of mechanical 
progress, made a wry face. Others omitted to reply to our 
letters. This explains why Frencli engineering firms are but 
little repreijienteri in this treatise. This explanation is due to 
the reader : it is for him to draw the moral. 

The author, however, hastens to add that he met with 
the best reception 1‘rom specialists eminent by their know- 
ledge and long experience, and obtained from them the most 
complete information. He here returns them his sincere 
thanks, as well as to the scientists who have aided him liy 
their eounBel and encouragement, 

Tlic author makes no pretension of presenting a perfect 
treatise, yet he is confident that it will he. nscfnl to every one 
in any way coiiiiecled witli clieraical iiianures. 


Paius. Utm-h, 190y, 



TRANSJ^ATOirS PKErA(;E. 

From a long experieiicft as works manager and cheiuist iu 
the Siilphiiric aeid a,nd chemical iiiaiiure trade, the translator 
has heeri able to add from his own knowledge acquired iu 
actual practice nmnerous original practical notes to the 
English edition of M. Fritsch’s work, solely with the object 
of increasing the utility of the treatise. It is Jo be hoped 
that the book which, independent of these notes, has unique 
merits of its own, will appeal in its English dress not only to 
manure ma.nufacturers but to farmers themselves, as well as 
to agricultural students and ail those who take an intelligent 
interest in the subject of agriemltural chemistry. Uommon 
sense dictates that it in equally important for the student of 
agriculture to he able if need he to effect, the synthesis of a 
manure as to he able to carry out the analysis thereof. The 
student who can construct mentally a formula for a manure 
to yield, whether hy diy mixing or wet mixing, certain pre- 
determined results on analysis, is more highly trained than he 
who can only use the faculties of destruction to resolve a 
manure into its constituent elements by slavishly following 
a treatise on agricultural chemical analysis, and that too often 
by methods which he would have to unlearn if be entered a 
manure factory, where he would have to analyse manures 
and raw materials against chemists of world-wide reputation. 

DOKALI) GRANT. 

May, mil. 



CONTENTS. 


CHAL’TEU I. 

PHOSPHORIC ACID. 

PAUBS 

History- Otigijj aud lilstriliuliou of pfio^pliovic arid ill nature — Propertiw 
(if phosphorus 1. Physinni properf.ics— 3. Chmicn.l properties - 
Hypopkoaphoruus auid Pliosplioroiiii add — I'hospliorii; aoid^Mctn- 
phosphoric anid— Pyrophnspliorir, iioid— Ovthriplioxplioric acid — 
Moaomctallio oitkophoapliate— Di indall ic orthoiikospliate — Tri- 
iTKjtatlio ortihophnsphatc -Fhosphatc of lime—Monocaloic phosphate 
or aeid phoephatu of lime CaHj(PO^)j — Dicalcic; phospiiate or 
monaoid phospliatBot limn — 'I'ricnloiophnsphato- phosphate 

of lima— Trihasic pkoapLate of liiiio GiUj(POjj|— I’hoaphalBS of 
aramoniiim and Rndiiini -Rn.sie phnsphato of iiininnniiDii {NfljlijPOj 
— MunaciJ phoaphatu of sod him (ordinary coramfiKiial pliospliate of 
soda — Monaoid pliosphate of ammoiiinra and 

sodium — Monaoid phosphate of Mnmonmin— Monaoid phospfiate of 
maguoaiuni — Duuklc jihosphatn of anniioilivim and in&gnosinni 
HHjMgFt)^-t-6H./)—-Ph.asp hates of iron— Thephoaplialesof alumiuu 1 13 


CHAPTEE II. 

PRINCIPAL PHOSPHATE DKPOSl’f'S. 

I, France;- Pas do, Calais, Somme, Oise— 1. Somme phosphaie — 3. Pas 
■ ■ de Calais pkospliatea — 3. Meuse and Ardennes phosphates — A. Cote 
d'Or phosphates— 5, Chet phosphate—G. Quercy plmaphates (Lot and 
neighbouring departmenta)— 7. Card and Ardeche phosptiatos- —B. 
Drome and Isere phosphates — 'J. Pyrenees or Ari^.ges phosphates. 11. 
Belgium:—C!iply phosphates— Liege phosphates. IH. England;— 
Lyme Regis eoproli tea— Cambridge coprolitcs — Snfiolk cupioliles. 
IV, Sweden and Norway ; — Norwegian apatite. V. HcTinarjy. VI. 
Austria-Hungary Bohemian phosphates. VLP. Russia, ViU. 
Spain: Estremadura apatite. IX. North America Canada— 
South Carolina— Land phosphate and river phosphite— Florida — 
Hard rcxilc— l^lats lOok or sheet roefc— Soft phosphate— River pebbles 
—Land pebbles— Tennessee— Tennessee rock phosphate— Rcmaiks 
on the acitual oonditiou of the phosphate industry in America. X. 
Africa ;— Tunis and Algeria— Marly phosphates in nodules- Phos- 
phatie limestoDes, Xf. Asia:— Phnsphates of Oteinia, (I, ) West 
India Isiands :— Reduuda Isloe, Sombrero, Navassa, Aruba, Ouraeao, 
Los Hogues, Alta Vela, Rata, (IL) Islands of the Pacifio Ocean 
Baker, Jarvis, Malden, Panning, Starbuck, Howland, Phuaiix, 
Sidney, Endfirbnry, Minerva, Ave,s,Lac^pMe, Flint, Browse (? Brown), 
Fluon, Chesterfield, Abrolhos, Mona, Cayman, Olippsrton, Nauru, 
Anganr, Makatea, etc. (1.) West India Islands:—!. Redonda 



CONTENTS, 


viii 


^liosphflte— 2. Sombreru piiosp^iitlu -8. NasisM pliosphu-tu— d, 
Aruba phoapliatc—C< Alta Vi’la phosphair— H. Rata or b'wTtantift 
Nnronjo pliospliiiia — 7. Muiik's Isbiticl ((kiibLtau Sea) plitispho 
f>4jauo -8. (Sliristfiius Islaiul phnRpho guano. (IL) Pacific Ocean 
IsIftK;- -Baker Island guano— Jarvis guano— Fann lug Island guano 
- Brown Isianil guauo — Meiilldtioa guano — Laoep^de Island guano — 
Ciippct'toii Island guano- Aiigaur Island phosphate - Makntoa lide 
))lios(ihRl,i(i deposits— Distviltutior of phosphates in the different 
geological foL'iiittljoris. (I.) Gneiss lipoch. (11.) Paleoaoio (orprimat}') 
epoch— 1. BiLurian formation— 2, Devon ian formation-.'). Oarbon- 
iferous formation. (III.) Mesoanic or secondary epoch — 1. irrja.s for- 
inaLioii 2. Jiimssio forinatLOn- 3. CretacLOUK -Caicozuio or Ter- 
tinry epoch Rocene formation Quaternary and recent epoch • 14-19 

Gcograpliical distribution ol phosphate of lime and guano deposits and 
their fhemk-al com posit ion —Table 50'&9 


CEAPTEE HI. 

DRYING AND RNHICHMRNT OP PHOSPHATES. 

Drying— Calcining the nodules— Two tests— Different methods of 
strengthening and utilizing poor quality phosphates 1. Diimonceau 
end Nicolas— 2. Simpson— .3. Brochon— 4, Wiiisinger-j^ft. 0. lahne 
— 0. Maitin- -7. Tlionnar and Hex Lon -8. Seiiiichfc -S). Carr — 10, 
Glaser- 11. Petarinanu— 12. Hodgkins — Manufacture of precipitated 
phosphate by elcetrolyRis - OO-Ob 


CHAPTEE IV, 

IIISTOJUCAL REVIEW UP SUFERPHOSPUATE MANUFACTURE. 

The manufacture of superphosphates from 1S50 to 1870—1871 to 1930— 

1880 to 1894— 1805 to 1008 - - - - - - - 67 72 


CEAPTilE V, 

THEORY OF MANUFACTURE OF SOLUBLE PHOSPHATES. 

Effect of the impurities in phosphates on their behaviour in the process 
by which they are rendered soluble -Carbonates of limeandtnagnssia 
— Iodine— Calcium fluoride— Organic matter — Method of detormin- 
iijg the amount oi acid to use in order to render the phospiiate 
soluble ■ • • • 73-83 


(1HAPT15E VI, 

MANUFACTURE OP SUPERPHOSPHATE. 

1. The grinding of the raw phosphate— 2. Dissolving the ground phos- 
phate in sulphuric acid— .3, Drying the euperphosphate— 1, Grind- 



CONTENTS. 


irig t.hc raw phospliiite— Crus h ft rs— Edge ruimers—Fliitstoue mills— 

Ball mill— Pfeiffer's mill, with comhined nir sepdiftfior— liw-brealkeT 
mills— Ctuc'king mills— Toothed rollor mills— DiKiiitegntorE— Mills 
wibh percussion blades fitted in lirciilur revolving boss- Elevators 
—Sieves— Filter press— Mixing of tin; phoriphatc. with sulphuric acid 
— Evacuation of the toxic fumes Sl-llO 


CHAPTER VIL 

CRUSHING, SIFTING, DRYING. AND STORING OF SlJPlil- 
PTTOSPIIA'l’K. IIETROGHAD.ATION. 

Emptying and shifting the, superphosphate house or den— Now mothods 
for the mechanical extruetion of superphosphate from the “den”— 
Allegri’s plant for shifting superphosphate from tlie “ dens ’’—Break- 
ing up and sifting or screening q[ superphosphate— Carr’s disin- 
tegca’.or— Cyliudrical eiuslier fitted with teeth (lyliodrical crasher, 
with two rollfi fitted with teeth— Artificial drying nl superphosphate 
Thoorotioal ivviowof drying— MiMler and Pfeiffer's drying mwihine 
— Heymann and Nilsch's process tor drying superphosphates — Dr. 
LoreiiK" process— Dr. Lutjeus' successor— Superheated superphuisr 
phates — Drying Ruperphospliates in the cold— Drying of tiie super- 
phosphate by dusting and mixing in the Georges orushcr-sifter — 
Stnriing (preRtwvatiou) of supr^riihospliatE; — Retrogri\rtation (reaction) 
nf piitjsphorio acid — J''orestalling re Li'og radii tie li liv Sehuoht's 


OIIAPTER VJH, 

GGMFOUND MANURES. 

Superphosphate of ammonia^Ammoniated superphnsphate— Super- 
phoKphate of atnimmla and potash— Nitrophosphnte Tahies lor the 
calonlatiou of “ superphosphate of {unmonia'’ — Dry mixings - 142-lSOi 


CHAPTER TN. 

TEE MANUFACTURE OF FHOBEHORTG ACID, DOUBLE SUPER- 
PHOSPHATRS AND VARlCHifi PRODUCTS. 

HiKtorical review— Manufacture of phosphoric acid- llaniifacturc of 
douhlft supei phosphate— JIaaufacture. n! sujiorphosphate of potas- 
sium and ammonium— MamifactDiT of sulplio-phoMphates- Bisul- 
phate superphosphate- I’hospliatic peat . . - - 15MC6- 


APPENDIX. 

THB M.vsuricrvwi or imnsPHoiiis in thk liLEmrc rniiNUOE, 

•Witg’a piooess— Readnian’s patent— Harding’s pioeers Gibb's furnace 
—Irvine’s furnace- Duncan’s patent— Parker's patent -Landis’ 
method 167-172, 



CONTENTS. 
CHAPTER X. 


MANUFACTURE OF BONE DUST AND OF RONE SUPRR- 
PHOSPHATK (VITRIOITZFD BONES). 

ifcrUliisiug valiiaof bom; -S Luring, classifying, aorLiug a,u<l orusbiiig buncs 
— Storing— ClaasifieaLinn of bones— 1. Kitchen hones— 2, Horse 
bones or knaekm' bones— 3. Buried bones— i. Bullocks’ beads 
(sheep’s heads)— 5 ficraps and waste- 6. Hornpiths— Bone picking 
—Bone crushing— 1. Blow-speed crusher— 2. Very quick-speed 
machine — Extraction of fat from bones — 1. Esfcraetion of fat from 
bones by water— 2. Fat extraction from bones by steam— 3. Extrac- 
tion of fat from hones by benzine— Purification of bone fat — Bleach- 
ing'of brown bone fat— Manufacture of boiio dust -Classifwatiori of 
bone dust— 1. Normal bone dusts orlxjne dust No. 0 — 2. Bone dusts 
(without any other desigriatton) — It. Oegelatinir.ed bone dusts— 4. 
Mixed manure dusts — Meat duet (nioat imsiil) Atlultcratioii • 
- - Manufacturing of bone superphosphatBs — Yitriuli/ied Iioiibs — 
Vitriolated bones— Mixture of bone siiperpticsphate (liissolved brines) 
and iiitnogflumis matter— Blorrd— Horn— Lcatliet’ waste — AEimal 
Oharcoal— Bone twii— Manufacture of preripitaied phosphate ol 


OriAPTER XI. 

ilANUFACTURK OF HAKfO STiAG. 

Origin of basic slag— The nature uf basic, slag— Telraphospbuu; of (Alcinin 
—Solubility of basic slag— Onushing of tiasic slag Remarks on the 
use of basin slag— (rrapbic iilMstrations of the mannfactiire ol basic 
slag— Basic, slag eoutiacts -Siuupliug analysis - - - • 1(17-217 


CHARTER XIL 

NITROUENOiiK M.tNURKS. 

Nitrate of soda— Nitric acid— Cbili uitmte of soda — The (lahelii; terra 
saUfcrosa— 1. Open cast-iron paus— Paradas— 2. Cyliitdric^ vortical 
pans— MaquiuELS— 3. Vessois heated by a doswl tubular biiodlc 
(fstearn coil)— Storing and baudliug of nitrate— Producioii of 
nitrate in iyt)7— Ainmnniocal sal te— Manufacture of sulphate of 
aniinonia, hy distilln.tion of gas liquor— Production of ammonia )3r 
the manufantnroolcnke— Rccovory of ammouiafrom blast furnaoes — 
liecovety <;( amiinmia fanued in gns producers— Siemens’, Schilling’s, 

daid waahei>--Distiliing plant —NakeTfire stills-The Eaglisli stilt 
—Mallet’s^ still— Lunge’s still— Feldinaun's still— Oruneberg and 
Blum’s still— Manufacture of sulphate of ammonia from urine 
utilisation of peat in the manufacture of ammoniaoal salt- 
Rucuperation of the ammonia— Gaillot and Brissot process— Muntz 
and Girard’s process- Manufacture of sulphate of ammonia from peat 
by the Mond process— Crude ammonia from spout oxide - - 218-251 



OHAPTEB XIIL 

kanupactijre op manurr prom animal waste. 




Preliminary remarks-Rlood- Drial blcwd-Donard and Boulefs drying 
Meat m^sal—DryiTig blood by lime'— Commercial meat 
maal— Horn— Leather wn.Rte— Comparative value of diPfp.reiit •nitro- 
genous manures - - *25<^.2fi7 


OHAFTER XIV. 

RECOVERY OF NITROfIRN FllUM DISULLEUY SPENT WASH. 

MANUPAGTL'RB Oh' CV,\N[AMIDE AND OF NITUATK OF LIME. 

-UtUinalinii o[ distillery spent wash— (leuenil ieinii,i-ks— Rciwery ol 
nitrogen by Vasseux's process— TrcatniHn I, of t.)ic .spent wash by 
Liiological agents — Eflront's metlioils— Treating spent wash by 
farinenliatiiou — The irjanuiactuve of l yanainidc anti nl nitrate of 
lime— Agrieiilt, oral experiments with cyan a unde- Rules [nr the use 
of cyiinuinidn- Drawimeks in the use of nitrate of lime - - !itW-277 


OlAPTER XV. 


NITROGENIZED PHOBPHaTTG ^[ANUltES, 

Peruvian guano— Its composition— Dissolved Peruvian ginuin Other 
njtrngenircd guauos— Bat guano— Hungarian bat guaim— Elioli hat 
guano— Egyptian bat guano- Fish guaii[): liistorieiil review— The 
early manufacture of fish guano in Newfoniidleuid and in Grwd. 
RriliEiin.— Mannlaoturc of fish guaun iu Norway — The fish guano 
industry in Britain 278-294 


GHAFTEB XVL 


POTASSIU MAKURKS, 

Stassfurt salts— Crude potash salts— 1. CarBallite- 2. Bylvine or sylvinite 
—8. Ka'mit— 4. Schoenite— ft. Polyhalite— 0. Krugite— Dissolving 
the etude salts— Glarifioation—Orystallisation— Clarifying— Treat- 
ment of the laul.tmr li<(iioi’ Iruii the potassium chloride— Drying the 
ohlorido of poiassiujii— Potassium sulpliato— Double carbonate of 
potassium and magnesiuni— Double sulphate of potassium aud^ 
magnesium— Other fertili^iing salts— Commercial brands of potas* 

Slum chloride (muriate of potash)— Manufacture of potash from 
felspar and otbuir potassio mincvals— Manufacture of potash Aom 
sunflower stalks in the Caucasus 295-315 



CONTENTS. 


CHAPTER XVII, 

PAffltS 

TIUNSPERSNOE AND HANDUNG OP HAW ^rATERtALf5 AND 
•' FINISHED PRODUCTS. 

Electric transhipment of phosphate and superphosphate in a manure 
factory— General arrangement of electrical conveying machinery in 
I\>mm.ersdorf chemical factory— G on caul arraugoment of electrical 
conveying machinery in Emmerich chaniieal manure factory— 
Electrical transhipment plant, St. Golain's chemical factory, 
RoHcau— Electrical transhipment plant in a German factory— Cable 
transhipment system of Algerian phosphate factory • - - 316-382 


fNDRX - . - - - :183-381> 



LIST OF TABLES. 


TAB LB 




I, Sliowiug pcucciitagc ol plioapiioiic acid iu various roeks - 
II. Analyses oi three different types of Bomme phosphates 

III, Analysis of averagr, sutnple ol a held of Orville phosphate 

dried in vaeuo at PB'’ C., density at 1G“ C. 3-180T. {H. 
Lasne) - - 

IV. Eeanval phosphate deposit. Atuviysia made hy Nautier 

at the date of discovery 

V. Aiialyfiosof Pas de Calais phosphates 

VI, Analysis nf Mfiiise phosphates 

VII. Analyses of various phosphatoK in the Meuse, Ardennee, 
etc., districts, (Delaltre) 

Vlli. Analysis of Ardennes nodules. (Maret and Delattrei 
gjEH IX. Analyses of Aoxnls phosiihates. (Delattce) 

X, Analysis of Quercy phosphates 

XL Analyses of Ciplj phosphai.i's 

XII. Analy.sea of Liiige phosphates 

XIII, Acialyacs nf Ijyino ItegiB coprohtes. (Ttioinpson HerapatU) 

XIV. Analysis of Cambridge coprulites 

XV. Analysis of Suffolk coptolites ...... 

XVI. Analyses of foBsil iKmes from. Sutton hone bed - 

XVII. Analyses of Suffolk, etc., [■opi'olites 

• XVIII. Analy,sis of Norwegian apatit (crystals) .... 

XIX. Analysis of Bohemian phosphates 

XX. Analysis nf Russian phosphorite nodules . - , - 

XXL Afialysis of Central Rus.s)a phosphorite - - . - 

XXIa. Analyses of sampios of Estremadura phosphates 
XXn, Average oorapositiou of Carolinii phosphate 
XXIII. Analysis of a fine sample of hard rock phoaphalu 
XXIV. Analyses of hard rook phosphate from Blue River Co. 

XXV, Analysis of land pebble phosphate - - - - . 

XXVI. Analysis of Tuunassee rock phosphate ... - 

XXVII. Complete analysis of an Algerian phosphate . - - 

XXVIII. Analyses ol two samples of Ujebcl Gouruia phosphate in 
the natural condition 

XXIX. Analyses of Redonila phosphate 

XX. *:. Analysis of Sombrero phosphate. (Voelcker) - 

XXXa. Analyses of Nevassa phosphate 

xiii 


i 

15 

16 

111 

IB 

1? 

19 

20 
2L 
22 
24 

24 

25 
25 
25 


27 

27 


28 

29 

31 


35 

38 


3S 

39 

40 
40 



LfST 017 TABOlTiS. 


x-iv 


TABLB pack 

XXXI. Aimtysis lif AlU Vein, pliosplittte 41 

XXXII. ATUilysis nf Monk's Tsltind phospli ate ■ - . - 41 

XXXIII Analysis of Baker Island giuno 43 

XXXIV. Analysis of Jarvis Island ^tiano - ■ - - - - 44 

XXXV, Analyses of Panning Island giiatio ----- 44 

XXXVI. AnftlyaftsofBmwnlsliindgnn.no 44 

XXXVII, Analyses of Laet'pf'Hr; Island gnario - - - 45 

XXXVIII. and XXXIX. Analyses of Mejillones guano • • - 46-T 

XL. Analysis of Clipperton Island giiano ----- 47 

XLa. Geographical distribution of pliosphate of lime and gmino 

deposits aud their chemical composition • - - 50-9 

XLI. .Amount and streugtii of acid required to dissolve various 

pliosplmtes - - 83 

Re,ault« of fixiimiments with nidinaiy superphosphate and 
eufjorphosphate driod at differeut temperatures on 

Ijigouro oats - 129 

XLIII. Showing changes in eompo.sition which TcnnesKcc super- 
phosphates undergo in four and a half months from 
date of riiuLking igy 

XLIV. Showing for a succession of years the increase in hay from 

one application of haaio slug to a poor meadow - - 141 

XLY. Number of cwt. required in a 5 ton mixing, Oi' of tons in a 
' 1(X) ton mixing of a superphosphate ol a given strengfcli 

•in r,0j to produce a manure of a given strength 

in P-Oj - - 146 

XLYL Showing iii owl, tlio ainomiL of sulphato of animoniii, of 
difforciit stroiigilis that iriDch Im ooriiai iifid in a 5 ton 
heap Ui get a iiiii,uui'6 (x)ijtiiiuiiig from iPbOuptofi 
per cent nitrogen 149-5(> 

XLVII. Showing tho unaiysis of double suporpliosyihatc - - - 156 

XLVIII. Ghcmioiil composition of ossein ■ - ' - - - - 173 

XLIX. AnalysiB of an ox bone. (Berzelius) 174 

XLIX.s. Rosinate analysis of bones a« supplied, to manure factories 174 

L. Analysis of bone dust from fat extracted bores - - - 185 

LT. Analyses of new and used and spent bone char. (Pierre) - 192 
Llf. Showing the composition of five samples bone ash. (Voelcker) 193 
Liri. .Analysis of piToipiUtod phosphate of lirufi - * - - 194 

LIY. Analysis of cast-iron showing phosphorus content • • 200 

LV. Analyse.'? of crystals of tetrabasir. phosphate of lime found 

iu basic slag - • ....... 204 

IjVI. Analyses nf hexagonal crystals found iu basic slag • - 204 

LVII. Analyses of black noodle,?, mn.griBt.ict and i)on iTia,gnf!t.ic, 

found in basic slag ....... 206 

LVITI. Analyses of blue crystals found in basic slug • - - 20G 

LIX. Solubility of basic eiug iu water saturated with carbonic 

^ acid - - 200 

LX. , Showing the rcHultH of rjensch'a researches oil basic slag - 210 
LXI. Kfleet of composition of basic slag on facility of grinding - 213 
LXII. Showing Che influence of the ratio of the peroxide of Iron 

to protoxide on the ease of grinding of basic slag - - 213 



LIST OF TABLES. xt 

TABLE FAHE 

LXni. ADalysih o£ blue ind brown crystals iu ba-sic slag - - 2lGi 

LXIV. Sliowiug co[n))OsitiuM nl caliclia iiSO 

LXV. .Uialjais ut Ijjiiliaii iiiLi'Hte ot s.idii 221 

LXVJ. Analysis of better <]natity nitrate of sodn ■ ■ - - 221 

LX VII. AEalyses of a double nitrate of potash and soda - - - 222 

LXVIIL Analyses of gas liquor from oottls of different origin - - 226' 

LXIX. Analysis ul Ifriiisli gas litjuor 226< 

LVX. Analysis of spent Larnmiiig's mixture from gas works - 251 
LXXI. Percentage of different nitrogen componuds present in a 

series of samples of spent O-ride from gas works - d.AS 
LXXII. Table for oonvrr.doti of nitrogen per cent, into ammonia 

per cent and vice versa 2.'i4 

LXXIII, Analyses of bullocks, calves, sheep, and pigs' hloori - - 256. 

LXXIV. Compositinn of meat meal 2C2 

LXXV, S'howing agricultural valiio of nitrogenous manores (nitrate. 

100) . - . . ■ 207 

LXXVI. Showing comparative agricultural innney value of nitro- 
genous manure in francs pur kilogram - 267 

LXXVIl, Showing value and ainount ul i[iiiiiure from spetiL wash 

from 1 ton itiolasKes 270 

LXXVIll. Analyses of oyanamide - ■ - - - 273 

LXXIX. Analyses of Peruvian guano 280 

LXXX. Analyses of Peruvian guano - 280' 

LXXXr. Analyses of Peruvian guimo - - - - 281 

LXXXII, Analyses of Pernviau guano 281 

LXXXIIL Analyses of guano from middle bed of Peruvian guano 

deposits . - - - 28,3. 

LXXXIV. Analysis of Peruvian guano noclules (lower bed) ■ - 283 

LXXXV. Analyses of different cargoes of Peruvian guano - - 284 

LXXXVL Analysis of l>at guano 287 

LXXXVII. Analysis of Hungarian bat guano .287 

LXXXVTII. Analysis nf Egyptian bat guano - 288 

bXX XIX, Analysis of Kboli bat guano 288 

XC. Analysis of Prittany fish guano 201 

XCI. Aijp.lyscs of Norwegian fish !. uano .... - 

XCII. Showing the coiiiiiosi Lion of (jitrugBQOUS inarjures 2M 

XGTII. Potash content of various plants - 

XClY. Analysis of first borehok earn pie of Stassfurt potash salts - 297 
• XCV. Analysis of carnal lite - - ■ . . . . 298 

XCVl. Analyst of sylviuitc (pure) .... - 298 

XCYII. Analysis of sylviue as it comes from the mine ■ - - 299 

XCVITI. Showing analysis of kaiuit. (Reichardt) - - - - 299 

XblX. Analysis of polybaJilu 3(]0 

0. .Analysis of krugitc. (Mercker) 301 

01. Analysis of crystals from potash salt crystalliaers • - 303 

Oil. Analysis »£ mother liquor from ularifiealioii of potash salts 304 

cm, Atialy.sis of mother liquor Irum poUssiirm chloride • - 305 



xvi LIST OF TABLES, 

TAHLS PAOB 

OlV, AnaIj’SiB of schoenitR. (MfiroIiRr) 807 

CV. Aoalytiia of dudtjti froiruflurilkiLticQ of potash salts - • 808 

OVI. Oompo.siListi of S'laasfurl. poUwh salts 309 

OVII. Ohiorine contetit of crude polaafi salts - - • - 311 

OVTIT. F/feil, of soluble minersl salts on gram crops - • - 313 



CIIAPTEE I. 


PHOSPKaitlC ACID. 

History.— 'iha discoveiy of phosplionis is due to the alchemists. 
Fri 1()69, Brandt, a Hamburg merchant, searching for the philo- 
aopher’s stone in human urine, discovered an interesting substance 
which he called phosphorus, i.c. a body luminous in the dark. All 
the phosphori known np to then — and there mvar quite a series of 
them — -to become lumitioiis had to be previously exposed lu sun- 
light, and yet their luminosity soon A^inished, whilst the new body 
emitted a glow of its own aooon!, iiiifl preserved that propeity 
■permanently, It was. therel'ore, termed ijliusphuriis. Brandt kept 
his process secret. Huh, in his turn, Kiinkel, a Berlin chemist, 
soon discovered phosphorus. In 1(188, .\lbimis extincted plios- 
phoi'us from mustard seed and cress seed. Thus witliiri a few years 
phosphorus was fciiod in both the animal and vegefable kingdoms 
without, however, anyone dreaming of its connexion with inorganic 
nature. According to the cosmic theories of the times this sub- 
stance was field to he the product of other bodies, or even the 
result of spontaneous generation under the influence of ill-flefined 
vital loicea. The scientists of (ihe time had not yet distinguished 
the chemical elements, the very simple theory of which was destined 
in the future to furnish the very basis of the science of these bodies. 

It is intorosting, however, to observe that free phosphorus was 
prepared and examined for seventy years without its compound 
with oxygen, pho«[)honc acid, from whicli it htwl beeu isolated and 
to which it so easily reverts, i»ing known. Thosphorie acid was 
not discovered till 1743, by Mai’grall, ivho ascerlaincd its exact 
naturcaiid succeeded in re-iionverti ng it into phosphorus by calcining 
it with charcoal. In 1769, Gahn, a Swedish chemist, fouiicl this 
acid in bones, and a few years Is, ter Scheele, his countryman, 
published a process by which phosphoiua could be extracted from 
bones, which is still used in its main features.^ Ten years after the 
discovery of phosphoric acid in bones, and more than 100 years 
after the first preparation of phosphorus, Gahn found this body 
in the mineral kingdom also, viu. in lead phosphate (pyromorphite) ; 
Vaiiqnelin afid Klaproth soon afterwards found phosphoric acid in 
apatite, that teautihl mineral, met with in large masses, the corn- 

1 Sfllinclfi wue by birth a Prussian. See Schcele’s “ Cbcmieal Essays,” Scott, 
Gceunwoml mid Son. 
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pnsitifiii nf which is analogous with the earthy parts of hone. Siieh 
are, hiielly suiiimariaed, the chief historicaJ facts regarding the 
discovery of phosphorus and phosphoric acid in the three kingdoms 
of nature. Since then chemists have continued their investigations 
they have searched for this substance everywhere, and they have 
found it more and more <as analytical methods have bsen improved, 
Its presence in urine and in bonea led to its presence in all the 
fluids and organs of man and animals being suspected, and very 
soon it was found to he. so. It was found in all plants and in all 
their organs. It was thenceforth recogniz(^ that the phosphorus 
coutained in the body of animals was of vegetable origin. But 
from whence do plants derive this substance ? The answer to that 
question was sought for a long time. Even up to the middle of 
the eighteenth century, when scientists like Saussure (i7d0'1799) 
and others were led bj’ simple logic to look for phosphoric acid in 
the soil, agronomists persisted in regarding it as a derivative of 
other suhstanoes, because very little of it was found in the soil, and 
this little might very well be brought on to the land by farmyard 
dung. However, improved analytical methods were bound gradu- 
ally to elicit the truth. 

Origm a)id DistribiUion of Phosphoric Acid -i/i Nalwe.—lf it 
be interesting for the fanner and the chemist to follow the migrations 
of an air-bell, and the curious plieuomcna under the influence of 
w'hich the molecule of nitrogen becomes successively ammonia o)‘ 
nitric acid, then vegetable organism, then finally muscular fibre, it 
is none, the less iiifitinKitive to follow the migrations of the molecule 
of phosphorus. Let us endeavour to grasp tlw.se migrations, and 
to trace them, starting from the point of origin of phosphoric acid, 
i.e. the pieseriee of this body in the primitive and crystalline rocks. 
The analysis of the primitive rocks, and of the metalliferous veins 
which they contain, proves that phosphoric acid is almost always 
one of their conatituent elements.^ Associated with lime, the 


'The two men of wictirte who Rluitiisd tlio cpieiition idiiet pmhmmilj’ were. 
Forchsimiiier of CoycuLagou luid liStiXilihardt y{ Gerjnauy. The liitlur found 
phoKphoric aeicl in several rocks in which it was believed to he absent. The , 
[lurecutai^es of phosphoric found in different rooks are as follows 

TABr,E .L-PEECENTAGE OF PHOSPEOKIC ACID IK TAIUOUH 
ROCKK, 


Ex)ck. 


I ‘ Feldspar (ItocbHboiirg) 
Giyaisa (GErlnsdorfl . 
Groonlct (Penig) 
Granit [Hellsdorf| , 
; „ (Burgstaidt) . 

Basalt (Tharandt) 


, IVt cent. 

Heck. 

I’er cent. 

. MO 

Melaphyrc (Tlaucn) . 

0-38 

. 0’7e 

Syenit fPlauen) . 

0-18 

. Odd 

Gneiss (Tharandt) 

0'2S 

. ■ O'.'iS 

Feleite (Tharandt) 

0-21- 

. 008 

Limestone (Hehweiadovf) 

0-51 

. MO 
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oxidfifi at ii’on, manganesp,, lead and copper, this tody constantly 
leveals its preseuce to the expert chemist who makes a special seal’d! 
tor it. Its pi'ojiortioris aie most often very minnte, but that 
matters little, as plants have a marvellous faculty of freeing from 
the soil the principles necessary to their development. And let 
Hs remark witrh Hnhierm, “how everything hangs on a chain, to 
explain to us the distribution of phosphoric acid in Our crops. Let 
US go back, in imagination, to the origin of things, to those groat 
natural phenomena, all the traditions in regard to which are in ac- 
coi'dance with what geology reveals to us of these gigantic phases. 
The igneous rociks contain phosphoric acid. The disintegration of 
these rocks under the combinerl inlluence of water, air, temperatuie, 
and carbonic acid, soon favours the physical divisions of the rock 
masses. Vegetation develops, vivacious, luxuriant, iiiimeiise, ac- 
cumulating at the same time both carbon from the atmosphere — 
which it is to return as coal to fai-oft' generations— and phosphates 
which its organs, immersed in a virgin soil, assimilate to abandon 
one day in a fine state of division on the surface of the soil. And 
as an energetic, active, incessatiL medium of this providential dis- 
tribution, the animal world supervened with its powei-fiil capacity 
of coiidensafcion of principles, rich in phosphorus and in nitrogen. 
Thus it is tliat vegetation supplies phospliates clothed in a new dress 
for the alimentary needs of new individuals, The molecule of phos- 
phoric acid is no longer the inert crystalline portion of the igneous 
I'Ock, if, is no longer the mineral framework of the plant, it is the 
osseous substance of the auima.l, it is hath its skeleton and its flesh, 
its nervous fibre, and its entire being, Our ideas of the organism 
and of pihosphovus are inseparable the one from the other.” The 
tods of the different geological periods all contain fossils, move or less 
rich in jihosphoric acid. 'I'he Cambrian yields and Du- 

cenide^, forerunners of the BrackiojJO(h, whose calcareous shells wore 
comparatively rich in phosphoric acid. At a later period vertehi'LU 
appear; first, the Silunan fish, then the saui'ians of the CJai’bonifer- 
ous and Permian, and finally, the birds (durassio) and mammals 
(Trias], the skeletons of which form the principal elements of the 
fvccumulatlon of phos phone acid. Thus the soil of all formations 
may contain phosphates, but they aro not found in large quantity 
except in certain formations and under peculiarly favourable circum- 
stances, which we vaguely perceive, hut of which it is impossible 
, to give a really satisfactory’ explaDatioii. The solution of phosphoric 
ttoid by rain water, charged with carbonic acid, traversing the 
superficial layer of soil covered with vegetation and thus rich in 
humus, its entrainment into the subsoil, and its accumulation 
in the subjiwjcut rock, the chemical affinity of which favours its 
corahination— such seems to be the genesis of phosphate deposits. 
Meeting lime, oxides of iron, and alumina the phosphoric acid solu- 
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tioris form jjliosphaitcs of lime, iron,- and alumina. On the phosphate 
bods so formed new layers of phosphates were deposited as 'soon as 
the carboniu acid acting as the phosphoric acid solvent had set free 
sedimentary pliosphates. When the solution percolated into 
hollows it formed pockets. The carlwnated water could even con- 
vert already formed phosphate into a special form, for example 
that of yibrBoiia fita.ffelitft. Nodules were formed when the rock to 
which the phosphoric acid was eotiibined we.s deficient in consistencjy, 
or had lost it, for example owing to the upheaval of the deposit 
the dillerent portions of which were wa&iied ami removed by water, 
thus roimdiog the fragments. Nodules may again be formed by 
the fixation of phosphoric acid round a centre, for example ai-ound 
grains of sand swimming in the solution on the impulse of a crystal 
growing in an appropriate solution, or organisms or even bells of 
gas rising in the solution drawing to it particles of the same nature 
as itself. H'inally, another liypothesis of the formation of nodules 
is tliat whore precipitated phosphate of lime had boon gradually re- 
united into compact nuclei bj’ water through the intervention of 
pehhle.s of si lex. Apatite was the first phosphate formed by the 
crystallization of the incandescent rocky magma. Its crystalline 
form is hexagonal. As it cooled slowly, the mas? of litpiid apatite 
formed crystals of dillereut sixes, from capillajy needles, scarcely 
visible, up to 12 in. in length. Their interior always assumes a 
lamellar structure. Apatite is found massive, with this crystalline 
structure, or even compact and massive when it is emb^ded in 
basalts. But compact massive apatite always comes from crystalline 
apatite. Pseudo-apatite ia disintegrated apatite. All these forms of 
phosphate, from the crystalline form to the amorphous, from isolated 
nodules to rock phosphate, go back to an identical origin. Sum- 
ming up, phosphorus existed in the beginning of things in the 
primitivo recks. It has become more asaiinilable in virtue of itS' 
distribution in sedimentary a, nd tra,nsporf,ftd soils; vegetables have 
a!)eorbed it, then tliey liave given it up to the atiiiiials, which have 
condensed and accumulated it in numerous points of the globe. Let 
us note, with Buckland, that it is astoniahiug that the human race 
should, for so many centuries, have remained ignorant of the fact that 
a considerable portion of tho surface of tho globe was formed by th& 
debris of the animals which inhabited the ancient seas. There 
exists, according to the same author, vast plains and enormous 
mountains which ace merely, so to speak, the charnel houses of 
preceding generations, in which tliB potrifTed dabris of extinct 
animals aud vegetables are piled up to form raaiwellous monuments. 
Tlfbse monuments attest the work of life and death during incalcul- 
able periods. Cuvier, appreciating these curious natural phenoniena, 
declared that the sight of such a spectacle as that of the debris of 
life forming almost all the soil on whicfi our feet tread was so- 
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ternble as to rejutef it difficult /or liiro So rotalo his iinaf,hnatioii oil 
the cauBes vjhich have produced fiuoh great effects. These effects, 
so terrifying to the geuius of Cuvier, are really only the result of 
nnc and the same cause— aa efficient cause, which is conlirnied under 
the most diverse conditions, and in all latitudes, with a wonderful 
unity of design. Only the Sovereign Master of Life and Death 
could accomplish such wonders. Let us now try to find the 
amount of phosphoric acid in different media phosphoric acid in 
the soil, ill plantfS and fl,nimals. About the time when British agro- 
nomists’ were exploring the deposits of phospliaLe of lime of Ealra- 
miiiliira,, it was disenvered, in Kiirrfiy, that the use of ground hones, 
and otlier bodies rich in {diosplioric acid, produced no boncficiftl re- 
sult when applied to soils, fertile enough in themselves, the subsoil 
of which belonged to certain deposits of the lower luitl up[)e,v Green- 
sand. This led to the supposition that phosphate of lime, which ia 
one of the fertilizing constituents of ground bones, is naturally pre- 
sent in these soils in sufficient proportion, Mr. T, C. Neshit, an 
expert chemist, immediately collected the soils and rocks of these 
districts so as to ascertain the cause, of their rertilif.y. Amongst 
others, he received from Pamham samples of a fertile marl, situated 
on the property lof Mr, ff. M. Paine. A rapid examination showed 
the presence, in this marl, of an unusual amount of phosphoric acid, 
and in November, 1847, he informed ^fr. Paine of this discovery.* 
Krom this marl 28 per cent of phosphoric acid, corresponding to 
60 67 of phosphate of lime, was extracted. The general mass of 
the rnirl contained 2 to 3 per cent of phosphoric acid, equal to 4 '33 
to f)-f) per cent of phosphate. It wdl be seen that in presence of 
such a proportion of jiliosphoric acid the application of phosphatic 
maniiTOK was <piite .superfluous. In the Tchmiw Sefn, so fertile in 
Russia, where from time immemorial the highest yields of wheat 
have been obtained w.thout any manure, 0 6 per cent of phosphoric 
acid is present, whilst mediocre soIIk only contain O'l ; fertile soils, 
0”2 to O'fi; very fertile soils, 0'8 and upwards. Ee'-arded by them- 
selves these figiives are very small, but applied to a given surface., 
are considerable, A hectare ol anihle land, say 2'5 acres, with a 
depth of 0'2 metre, say 10 in., weighs 5000 tons, say 2000 tons per 
acre, and if such soil contains 0'6 per cent of phosphoric acid that 

' This very nviclently vkIrts to Di. Daubeny, who inspected aud reported on 
these deposits (Bstramadurtt) iu 1845. Hik rupnrt is given in the " Juurnftl of 
the Boyal Agrionltural Society nf England,” Vol. V, Part 11.— Ta. 

*Iiut Mr. rainehimseli, mcoiijttaetion with HrofoBsorWiiy, the, then ohnmiHt 
of the Eoyal Agricultural Society of England, in 1848 published the reeultB of 
their then couibiued elaborate lesearches.on the phoephoric eirata of theehslk 
formation in n. paper in the “ .Tournal of the Royal Agricultural Society of Eng- 
laud,” 'Vol. IX, Part 1, pp. Ij 6-84. The reader is referred to this memoir : suffice 
it to mention here that the marl coiitaiue nod idea iiiucli richei: in pboephate of 
lime than the marl in which they are diffused,— Tn. 
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mates 30 tons of that acid per hectare or 12 tons per acre. The 
dilTasion of phosphoric acid in arable laud I'espcnds, moreover, to a 
providential law, that element bein^ as indispensable to plant life 
ae to animal life, In the absence of phosphoric acid, none of our 
ciiltivuled plants can pass through all the phases ol vegetation ; the 
seed may germinate, produce leaves, stem, bmriches, but these 
organs remain fittennated, lingering, till the plant dios prematurely 
without Ijoaring flowers or fniit Corenwinder made researches to 
follow up phosphorus in plants. Analyses of roots, stem, and fruit 
liroved that phosphonis evists in nascent organs where it coiitii- 
butes to organisation. It diminishes proportionally in the root; 
thus the root of beet-root does not contain phosphorus after the 
maturity of the seed. It is to be found in the seed. Coreiiwijjder 
found that in the pollen of flowers there is a considerable amount 
of organic phosphorus recovered as phosphoric acid in the ash 
of these minute organisms. In tliis respect pollen is analogous 
with the seminal fluid. Saussure and, later, Garreau, Professor 
of Botany at Lille, pointed out that the leaves of a tree give;, or 
estiva.fciori, ashes more ricli in phospboiiis than at any other epoch 
of vegetation. If now we gradually ascend to the examination of 
.animals, tve find that their bones, their muscles, their nervous and 
oerebra) substance, the fluids of their organism, blood, rnillr, 
urine, seminal fluid, are alway.s and evoiy where permeated with 
phosphorus. Intimately associfi.ted with organie substances, phos- 
phui'us abounds in the cerebral mass and the nervous system. One 
may almost say that it is organized. Combined with oxygen and 
lime it form,? one of the important elements of the Rkeleton. Dis- 
solved by the animal fluids, it is unceasingly carried from one point 
to the other of the individual, and if its total amount remains Dxed, 
for a given animal, its molecule nevertheless displaced by solvent 
or vital actions is excreted, then replaced by a new molecule, 
brought by the digestive system, To remove phosphoric acid and 
Jime from the diet and try to nourish an snitnal on purely nitrogen- 
ous principles is to attempt ite life. The animal in this respect 
behaves like the plant (Bobierre). Thousands of analyses made 
of recent years by Tliezai-d sljow that, auiungst invalids, the clinjina- 
tion of phoaphordc acid threugh the urine follows a progi’ess parallel 
with that of the disease. The further the latter progresses the 
more does the phosphate content of the urine inci'ease; in these 
conditions when the loss resulting from the elimination cannol be 
repaired hy a diet appropri.ate to tiie needs of the individual, which 
Jiiis led to pboephoric acid being regarded as the vital element par 
exe$lleru:.e, the human organism perishes with frightful rapidity. 
According to Elie de Beaumont, a human skeleton weighs, on 
an average, 4'6 kg., say 10 lb,., and assuming that human bones 
contain 53 '04 per cent of phosphate of lime, a skeleton ought to con- 
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tain 2-440 kg., say 5^ lb. But a human body weighs, on au aver- 
age, 7o kg., say 165 lb. ; deducting the weight of the skeleton there 
remains 70 kg., say 154 1h. of soft parts, which on incineration yield, 
like ox-beof, 1'5 per cent of ash entirely composed of pboKidiate of 
soda, potash or lime, and alkaline chlorides. The amount of phos- 
phoric acid which they ooiiLaiii iiiay l)e taken as equal to an amount 
of phosphate of lime equal to 80 per ixjnt of tlie weiglit of the ash, 
or to rS per cent of the weight of the soft parts multiplied by 0'8, 
say 840 grm. These 840 gi-m. added to the 2-440 kg. contained in 
hones, give a total of d'28 kg. of phosphate of litne, sa.y 1'4;{!1 kg. of 
phosphoric acid or 6119 grm. of pure phospliorus. These figin-cs show 
the importance of the rdle which phosphoric acid plays in the supj)oi-L 
of the globe. They nughi to tcjieli us also to use, witli wise fore- 
sight, the stores of phosjDhDric acid with which hygone ages have 
endowed us, because, whatever may be the importance of the deposits 
now known and exploited, and even of those which may he discovered 
in the future, they are far from being inexhaustible ; besides the danger 
of flispersion of phosphoric acid by default of restitution to the soil 
actually exists, more tlireatening for a iuture less distant than rhiit 
of the diRperaion of nitrogen and potafth. 

Properties v^l^Phmphorits — (1 ) Physical 4V(;y;(n-/.d!.s-.— Phosphorufi 
obtained by Scheele’i? method, i.e. by the distillation of phosjdnvtc 
of lime and charcoal, is a colourless yellow ti-anslnanil body. It is 
found in commerce mainly as sticks, At the ordinary temperature 
it is soft like wax, brittle in the cold. It has the odour of garlic. 
Its density varies between i'8'2 and T84. U is insnltdrlc in waicr 
and in alcohol, very soluble in essential oils, ether, Itcnzol, carbon 
disulphide, sulphur chloride, and phosphorus chloride.’' Phosphorus 
melts at a temperature of 44- .i° C. and forms a colourless, oily liquid ; 
if melted [jhosphorus he rapidly [-ooled it la converted into a black 
mass vvith a metallic appearance; if, on the contrary, the molten 
mass be still further heated— up to a tempemture of 25()-2(->()'’ (1. — 
it is converted into a red modification which, at 280' C., reverts to the 
ordinary forjn, Phosphonis i.s highly poisonous. The absoiption 
of a few centigi-ammes suffices to produce the death of a man by 

' I’lie eohition of phoujiliunis iti (jarlon disulphide was tifsed by the ti’ish 
I'-rnians to burn tho fiiririR iif their flQBntryineri who wnre refmotory to the Laud 
L siguc. Thiu Bolutioii evapuiutea spuutiirmujslj nudleaveB phoEphnnisin a state 
of extreme division. The phosphorne then inflairieti spontii.ruiooxly. If woikIkii 
objecSs be coated vrlth a solution of Fenian fire nothing' can prevent a contiagm- 
tiou, The solution of phospliorus in carbon disulphide, mixed with sulphur 
chloride, can be preserved w'ftl I in close vessels but inflaaues with violence if n few 
drops ol aiumoaia are allowed to fall thereon. This is the Lorraine fire of 
Niokles of 18(19. Care must be taken to work in the open air on small (juan- 
titioa and to pour the ammonia by aid of a IniiRtube. The new Lorrainellre of 
P, Guyot, 1871, is a solution of phospltorus in carbon disulpluJe to wliieh sulpljur 
bromide las been added, it initaraes in 1 or 2 irinntes after Hinuionirt has 
been added. 
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the excitation of the nervous centres which it produces. Ins anti- 
dote is spirits of turpentine. The vapours of phosphorus frequently 
respired induce necrosis of the hones, chiefly those of the face. The 
ordinary phosphorus industry and the mamifactum of matches are 
amongst the most unliealthy of uiisanltaiy trades. Chmiced Pro- 
perties. —(2) Ordinary phosphorns oxidizefi slowly in the air, and this 
oxidation is accompanied hy a phosphorescent glow, from which 
phosphorus takes its name. Its suffices, moreover, to cut it with a 
knife to inflame it, hy the heat produced by the friction ; that is 
why it should he cut under water. Chemically combined oxygen 
exercises nn phosphorus the same oxidizing action as free oxygen. 
Water, which is a. vm'y stable compound of oxygen and hydrogen, 
is destroyed, though slowly, by this body witli formation of phos- 
phoi'ic acid and phosphoretted hydrogen. Tim transfornnatioii is 
more rupid when the water is rendered alkaline by caustic potash, 
soda, or lime. Nitrio acid oxidizes phosphorus very energetically, 
corivcrting it mostly into phosphoric acid. Owing to its great 
affinity for oxygen, phosphorus is not found in nature in the free 
state, it is always met with as phosphoric acid combined with 
bases. 

Chinjenuled Compounds of P/wspfenrw.'i.— PljosphoTiis forms 
with oxygen and hydrogen the following anhydrides and acids: — 

Anhvdrities. Aciil.s. 
HyiwphoEiphoi'ous aoid .... H.PO, 

Phosiihorous acid ?,0,; 

I'hosiihorii: acid P„0, 11, PO! 

There are three phosphoric acids known, viz. 

Metaphospboric atiid n^OP-.O,, = BPf>.. 

PyrophDBphnric arid 2H/)fy3 = 
i )rll;oi)lioH|))ioi-ie acid SHjOP„5:, - H-PO!, 

HypophosphoLxmsacid is monobasic, ths.i, is to say, only one of its 
atoms of hydrogen can bo replaced by a metallic atom. Phos- 
phorous acid is dibasic, and phosphoric acid trihaslc. There are, 
thfti’fifore, three phosphoric acids, wliich differ in the ket that ono, 
two, or three atoms of H may be replaced by as many basic atoms. 
It is to Graham that wc owe the discovery of their characteristic 
reactions. Metaphosplioi’ic acid only gives one species of meta- 
phosphate, Pyrophosphorio acid gives two speoiea of pyrophos- 
phates, Oi'thophosphorio acid gives three species of salts con'e- 
sponding to the formulae ; M,,HP 04 ; These acids 

are distinguished the one from the other by the following reaction : 
the^pieta acid gives a white precipitate, with barium chloride and 
silver nitrate, and .coagulates a solution of albumen ; the pyro acid 
gives uo precipitate with barium chloride., givos a white precipitate 
with silver nitrate, and does not coagulate albumen; the ortho acid 
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gives no pcecipitaW with barium chloride, gives a yellow precipitate 
■with silver nitrate, and does not coagulate alhmnen. 

Pko&'pJioric Acid AiiJiijdride, P-jO:,, is obtained by the oombuatiou 
•of phosphorus ia a current of very dry air. It forms imponderable, 
highly deliquescent, white flocks, It dissolves ia water with the 
hissing noise of red-hot iron. Hence its use to dry gases at temper- 
.atnres at which suLphurie ae-id would be decomposed, and to prepare 
by dehydration certain acid anhydrides or certain organic com- 
pounds, nitriles lor example. Heated to redness w’ith charcoal it 
yields carbonic oxide and phosphoi us. 

Afelaphoaphoi'ic Acid, HPO^, i.s mciiobasic. It is prejiiired by 
hydrating the cold aubydiide, by healing orlbopliospboric acid to 
redness, or by calcining ammonium phosphate at a red heat. It is 
a vitreous substance, volatile at a red heat, very soluble in water, 
with which it combines to reproduce ortlmphospboric acid. It is 
used to dry gases, 'i'ho meta phosphates prepared by calcining 
’monometallic oitliopbosphalcs aiu only partially reduced by char- 
coal. 

f’yrophcxpkoric Acid is dibasic. It is prepared by subjecting 
■orthophosphoric acid to prolonged heat at 200" C. Calciucd, it gives 
imetaphoaphoric. acid ; with water it reproduces orthophosphoric 
acid. Pyrophnsphales, prepared by csi.lnining hi -ttieUvllic orthophos- 
phates, or by healing phosphoric acid witli an oxide, are reducible 
by charcoal. 

As far as the manufacture of chemical inanu res is concerned, the 
■only important modification to be borne in mind is the ojdinary or 
-orthophosphoric acid. However, pyrophosphorio aci<l is sometimes 
imet with in phosphates that have beeii roasted to facilifaitc grindmg, 
and metaphosphnric acid in superphosp bates dried at too high a 
temperature. 

Ortliopiiosphork Acid, This, the ordinary plicsfAiorPc 

acid, ia trihasic. Tt ia obtained mixed with phosphorus, in 
iihe alow oxidation of phosphorus in moist air. It ia prepared in 
the laboratouy by oxidizing red phosphonis by the aid of beat with 
fifteen times its weight of nitiie aeid of 20 B. The reaction may be 
-expressed thus : 3P + 5HNO^ + = 3H + 5NO, The phos- 

phorus is only added gradually and in small portions at a time. 
-Orthophosphoric acid is produced, which remains in the retert, and 
a little nitrogen dioxide, which carries over some nitric acid. Care 
ns thtweforo taken to redistil “cohobitate,” until the whole of the 
phosphorus has disappeared ; the residue is then evaporated iu a 
platinum basin to expel all nitric acid and to convert any phos- 
phorous acid which may have been formed into phosphoric ^cid, 
taking care not to exceed 188" C,, otherwise pyrophosphorio acid 
Tvill be obtained. Orthophosphoric acid is also produced by the 
lacliuu of hot water on melaphoap boric acid, by igniting hypophos- 
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phorouR 01 ’ phosphorous acids, or by the action of water in excess; 
on pentaohloride of phosphorus. In the concentrated state or- 
dinary phosphoric acid fomis a thick, inodorous, very acid, non- 
poisono us syrup, of density 1'88, It crystallizea ■rvilli three mole- 
cules of water when evaporated under a bell jar over sulphuric 
acid. It is vei'y soluble in water, and highly deliquescent. Under 
the action of heat, it is converted at about 213“ U. into pyrophos- 
phorifl acid, and towards a red heat into metaphosphnrio acid. It 
is reduced by red-hot charcoal, yielding phosphorus. It gives no* 
precipitate with barium chloride, nor with perehloride of iron, nor 
with a soUilioii of silver, nor with albuincii. But if ammonia be 
cautiously added, barium chloride gives a brownish precipitate, and a 
mlntiou of silver a yellow one ; both ptecipitafes are Roliihle in acetic 
acid. A characficristic test for phosphoric acid is the production of 
the double phosphate of maguesium and ammonium, by “magnesia 
mixture,” con.sisting of ammonia, magnesium chloride, a.nd water. 
This precipitate is white and crystalline ; it suffices to see. it once 
not to confuse it with any other precipitate, A I'eagent which, 
enables traces of phosphoric acid to be detected, consists of a nitric 
acid solution of ammonium molybdate. If llic mixture of the two. 
solutions be heated the liquid assumes a bright ypllow coloration,' 
Ordinary phosphoric acid is a very stable compound. It displaces- 
sulphuric and nitric acids fi'om their compounds. 

e/ Lm/>.. — It hii.s just been seen that phosphoric 
acid 13 tribasic, i.c. it contains three atoms of hydrogen, replaecftblc 
by metals. 

I OH j OM ( OM f OM 

POJOH POiOII PD^OM 

I OH I OH I OH I OM _ 

Oi'thjphw-plijric Mnnometallic Dinietallii! TrimetaUic 

• Acid Drfhnpliasphatft Orthophosphate OrtliopIioBphate 

When the liydrogen of phosphoric acid is replaced by calcium, a 
divalent element, tliree types of phosplmtes are obtained to which, 
the commercial varieties of phosphatic manures coiv'cspoud in a. 
very characteristic fashion. 




Trioaloio phouphate, 
Heutral phosphate oi lime, 
Tribasic phosphate of lime,. 
OajfPOJ, 


' Dnt ammonium molybdate in iiitric acid solutioji gives a yellow coloratioui 
even in the aksanne of phiwphorio anid. niifees there is a detiided yellow pre- 
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Morionalcic phosphate or superphosphate is cliai'acfcerized by 
its euuiplete solubility (a) in water, (l>) in ammoniacinl oitratc of 
ammonia (aqueous solution of ammonium citrate with excess of 
ammoDia), and (c) in strong mineral acids. The sole object of 
superphosphate manufaeture is to convert the triealeie plioaphates 
of bones and mineral phosphates into moiiocalcicoracid phosphate, 
assimilable by plants. Dicalcic phosphate, or precipitated phos- 
phate, is insoluble in water, but soluble in ammoiiiacal citrntc of 
ammonia, and strong mineral acids. It is obtained in the treating 
of bones by hydi'ochloric acid, in the manufnntnre of gelatine (ghie), 
as will be seen in the sequel. Tiicaloic phosphate loims the chief 
mass of the substaiuaiof bones which insists combustion (bone ash), 
of phosphorites, of apatite, and of a great numlxir of guanos. In 
the calcined state, oi’ as apalite, it is insoluble in w'afer, slightly 
soluble in water saturated with carbonic acid. It is oomjiletely 
soluble in nitric and hydi nchloric acids, whicli convert it into mono- 
calcic phosphate, displacing two-Lliirds of the lime to form, with it, 
caiciuni nitrate or calcium chloiide. Sulphuric acid completely 
decomposes it into free plinsplioric acid a,nd sulphate of lime 
(gypsum). Phosphoric acid is precipitated from acid sokuions, by 
excess of lime mter, a.s a fine white powder, which is partly soluble- 
in water, especially when it contains potassium sulphate, c,nmmon 
salt, nitrate of soda, ammoiiiacal salts, or carbonic acid. 

Plwn'phaks Ilf Avmmiim, Sodimi, etc.. — iiel. us examine a lew 
other phosphates of importance in manure manufacture : — 

1. Bam P}wsphate of ATuminiiau, {NHj)jPO,, is a slightly sol- 
uble, very unstable salt, obbiined liy mixing syrupy phosphoric acid 
with excess of ammonia. Its aqueous solution exposed to the air 
loses one-third of its ammonia, and is converted into the raonacid 
phosphate; heated, it loses a second third, and is then converted 
into the acid phosphate, 

2. Momcid PlmpJiak of Sodium {(y>'dinarif commercial pirn- 
plirtte of aod/i, Na^IlPO^ -I- 1 2ilj{)) is containcid in urine. It fonne 
large crystal#, which turn dull in the air, thi oiigh loss of a portion of 
their water. Heat converts it into pyrophosphate by expulsiorr of 
water, It is prepared on the largo scale liy saturating crude plios- 
phoric acid with soda to alkaline reaction and crystallizing, 

3. Monaciid, PJioqihate of Ammonium and Sodium^ NaNH^ 
HPO^ -P 4HjO.— Tills salt is prepared by dissolving ammoniuiD' 
chlonde in a solution of ordinary phosphate of soda. Heat converts- 
it into sodium metaphosphate, MaPOj, with liberation of ammonia, 
and water. Putrefying human urine y;elds a deposit of this salt- 

' It forma crystals as clear as water, and is found in that state in 

fiipita,te on warming gcatly, phosphoric neid may he taken aa absent. Even a 
jirecipitate ia no aign of the presence of phoapboric aoid unlesa all truces of 
arsenic have previously been r e moved. —T r. 
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.guoiiio, ittider the iiamc of stercoTile. fts solution on standing gives 
off ammonia. 

4. MvnaeM Pkmphate of Ammmium is, likewise, found in 
Peruvian guano. It is formed from the neutral salt through loss of 
ammonia. It has an alkaline reaction, like all monaoid soluble 
phosphates. The acid phosphates of potassium, of sodium and of 
ammonium are still more soluble in water than the preceding. Their 
solutions tuin red litmus paper blue. 

G. Magnmuvi PhmphafM — (1) Baltic Pimpkalc of kfaxjMHmm, 
is found ill small quantities in seeds. It is very soluble 
in acids ; it i.s precipitated from its acid solution by ammonia as 
pliospliaUj of mninottia and iiiagriosla. (2) Monacid Plwnphaie vf 
Mag fuiftmm.— This, like the corresponding lime compound, is a very 
eokiblc salt. (3) Double Phosphate of Ammonium aitd Magnesium, 
NIIjMgPO^ + 6 Ep, is precipitated from solutions which contain 
at one and the saruc time phosphoric acid, magnesia salts and 
ammonia, as a white crystaJline powder slightly soluble in water 
.and almost insoluble in ammonia water. Ignited, it leaves a 
lesidue of pyrophosphate. This interesting compound was found 
in large crystals as clear as water in excavating the soil for the 
foundations of the church of St, Nicolas in Hamkurg. The name 
of strurite was given to it. In this locality there was a cesspool, 
from which the matter spread into the peaty soil. As peat contains 
a large amount of ammoniacai salts, the phosphate of magnesia 
from the urine had formed the double phospliate of ammonja and 
magnesia, which remained in solution for a somewhat ieiigthened 
^reriod in the animoniacal salts in excess. By slow precipitation 
crystals were formed, some as large as a hazel nut. This same 
salt is met with in different viu-ieties of guanos, but in much 
smaller crystals. Its formation is analogous to that which occurs 
in putrefying urine : the phospliate of magnesia is brought by the 
urine, the ammonia re.sulta from the putrefaction of the idtrogonous 
constituents of the guano, 

6 . Plwsphates of iron. — The Ijusic phosphates of iBun are widely 
‘distributed in nature, but their composition is V 017 variable. 
They are formed wherever phosphates dissolved by the moisture 
in tile soil cume in contact with oxide of iron. In arable land, 
which as is well known always contains oxide of iron, a portion 
of the phosphoric acid is in all probability combineif with that 
■oxidn. The phospliate cl the protoxide of iron (ferrous phosphate) 
is formed in an analogous manner; it is only reduced to pro- 
toxide by riftcnmposing organic matter. This product is found in 
large masses in certain peaty districts, A basic artificial phos-' 
phatc is obtained by mixing perch lo ride of iron with excess of 
phosphate of soda. It possesses a yellowish colour, which turns 
brown on heating, But the compound so obtained is never pure, 
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and its composition never con’esponds to definite proportions. The- 
pure basic phosphate is obtained from tlie preceding by moistening 
it •with pure syrupy phosphoric acid, and washing it with a great 
excess of water. The product so obtained remains white on 
ignition. It is soluble in hydrochloric acid, perchloride ol ii'on, and 
in acetate of iron, and insoluhle in aceiic acid. The acid phosphate 
of iron is prepared by dissolving the freshly precipitated, air-diicd, 
basic phosphate in pure, synipy phosphoric aci<i. Properly pre- 
pared, and the water abBtracted, the solution has an analogous- 
composition to other acid phosphales ; it is rosc-icd, and may be 
converted by means of a large excess of water into free phoKpfioric. 
acid and basic phosphate. It likew'ise yields a pi ecipilale on heat- 
ing. Tartaric, citric, and other non- volatile organic lurids prevenl. 
the formatior! of the precipitate; Tninenil adds only possess this 
property but iinperfeetly. 

7, The Phospliaks o/ Ahminci behave in a general way like the- 
phosphates of iron, Wavellite, a crystalliKed rainoriil phosphate, is 
a phosphate of alumina. Eedonda phosphate, winch forms an 
important deposit, consists chiefly of a compound of this nature. 

The phosphates just described are met wuth in dilfeiimt phos- 
jdiatic manures,, natural or aitificial. The majority of them, such 
as the alkaline and ammonium phosphates, arc only represented in 
small proportions it is true; however, one cannot but acknowdedge 
their vast importance from the point of view of the mobility of 
phosphoric acid in the soil, and in the organism. Thu only phos- 
phates Eoutifi in preponderating amount in manures arc the phos- 
phates of lime. The basic phnsphates of lime are spi-cad over 
numerous points of the globe ; as will he seen furthei' on considerable 
deposits of them exist which are wrought commereially, But these 
phosphates are more or less mixed with iinpuritlus, that is w'hy they 
serve exclusively as raw material foi- the manufactiuve of phosphatic 
manures, properly so called, which ai'C acid phosphales of lime, 
or siipfirjihQsphatex. 

Morcovej, various industries supply important {quantities of 
basic phosphates, obtained as bye-products. They deliver them to 
iiiamiT'e manufectiu'ers, who use them in making superphospliateR 
or they dispatch them diroot to the farmers (basic sl<ig). 
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PELNTIPAL PHOSPHATE DEPOSITS. 

1. PiiANCE. — Pa$ de Caiaim, Somme, Oise,.— in these departments 
the tieposifcB of phosphates are met with in the Ci’etaceons formation, 
at three distinct levels in tliis rcrmation. These are in ascending 
order. 1. The Haiilt, to which the Houlogne workings belong. Thf 
nodules found in these beds contain 20 per cent of phosphoric acid. 

2. The Glauconian chalk, which forms the phosphate basin of 
i’ernas and of Fa,nqnemberg, with 95 per cent of phosphoric acid, 
ih The, Upper Chalk bed, characterized by Belemniles qnatlrakt’S, the 
most important of all. The phosphate deposits of Orville, Beauval, 
and Hardivillera are on this horizon. In these workings phosphate 
rich ill sand is found in pockets, in the tipper chalk, below the 
clay or surface bief (? boulder clay). These poukets, which are 
wrought very energetically, are only of limited duration, and arc in 
process of oxhaagtion. Besides the poc.ket6 of rich sand, there 
exist ill the Bekmniies chalk clitfs parts sufficiently rich in phos- 
phate of lime to lie worth extracting and treating by one of the 
enrichment profiesses to he described further on. This phosphatic 
chalk, called also ‘‘ grey chalk " {craie tuffeau), etc., forms in certain 
[Joints masses of oonsidci'able dimensions. The pei Rentage does 
not exceed 38 to iO per cent of trihasic phosphate of lime. Below 
28 or 30 per cent of tribasic phosphate of lime, the chalks are 
mostly considered as of no industrial value. At Hnetenil near 
Clemout, for example, an extremely important bed of this chalk 
with 32 per cont of tiibasic phospliate is only partially exploited, 
the enriched product not exceeding 45 percent of trihasic phosphate. 

1. Somm Phosphate.— T \\g presence of phosphatic chalk in the 
Somme was lirst observed by Buteaux as far back as 1849, On 
the other hand, M, de Mercy discovered in 1863 and 1867 two other 
■similar deposits, the one at Hardivillers near Brefceuil (Oise), the 
other at Hallencourt near Abbeville, Somme; he showed their 
analogy with that of Beauval, and classed them like the latter in 
the Jtelmnitcs quadrainJ chaJk. The Beauval deposits were 
discovered in 1886 by two geologists, Merle and Ponoin. The 
phosphatic sands of that locality, and its environs, aro aoeuiiiulated 
on the edges of pockets in the form of reversed cone^ excavated 
in a bed of chalk, filled with small brown- yellow grains of phosphate 
of lime situated at the base of the BclmniUs quadratns chalk, ami 
(14) 
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rftsticig on the Coramj/niuim white chalk, This fornia- 

tioTi is found therefoi'e alxwt the iniddle Senonian honzon. The 
phosphatiferons ohalk is oC ii In'ight chamois colour and is known 
in the district under the name of grey olialk ; its phosphoiic acid 
content is from 10 to 15 per cent at the point of contact of the grey 
chalk and the white, Micraster, chalk. There is at Orville a dis" 
continuous, almost horizontal bed of phosphabic [lodulcs ot a 
yellowish-white colonr. Some are coloured black on the exterior, 
due to a bright coat wliicli would appear to bo manganese dioxide ; 
they are rarely the size of a small nut and contain 70 to 80 per 
cent of tribasic phosphate. They are agglnmerateol by a gJingue of 
white carbonate of lime. The phosphatie siinds of the Somme con- 
tain a rather large quantity of the teeth of dogSsh, which apptsrr to 
have been preserved by their enamel. Neither fossils nor hones arc 
found there, though they exist in the Belemniri^^ chalk. At Oiwille, 
where the phnsphatic chalk is separated from the Mu'.rasttp.r olialk 
by a i)ed of nodules, no nodules come Iroin this bed except from 
the bottom (jf pockiifcs whicli desi'end below the grey chalk. At 
BKinval, where the bed of nodules is absent, there is only to be seen 
at the apex of the funnels granular hard pai'ls somewliat rich in 
phosphoric acid. The amount of rich phosphatic sand in the 
deposits of the neigblxiurhoixl of Doiillena, inolurling that of Orville, 
which though situated in the department of tlie Pas de Calais 
ought to be considered as belonging geologically and commercially 
to the Somme group, has l)een estimated at about 1,600,000 tons. 
Hut these deposits are oti the road to exhaustion. Boon, as Olry 
remarks, this region will re-cuter tiie calm of olden times, and of 
this era of untold riches, beyond the fortunes acquired by certain 
privileged persons, there will only remain the memory aggrandized 
by tradition of a time of fever and of gain almost unique in Preneb 
industrial annals. Baine analyses of the phosphates of these de- 
posits axe now given. 

TABbB fl.-AKALYSEH Of THUEE DIEEEllEKT TYPES OF SOMME 
I'llOSl'ilATES. 



1 

' vsso 

i Pur Cf-Ilt 

7i)-7S 1 

Per rsnf. 


. 

\ I’liusphatc. 

J 

PI icH pirate. 

Pliunpliate. 

Mitistsre at IWG. 


1-42 

2-H() 

Organic matter and toiiibiried wnicr 

. ! idfi 

— 


Phosphoric acid ... - 

; 35'.5!l 

34-10 

29-10 

Lime 

. 1 dl-03 

SO'Ol 

41-23 

Osicle o£ iron , . . , 

0-HH 

1-3(1 

} 4-07 

Oxide of alumina 

0-56 , 

0-23 

Maguesiii and aaibonio acid 

. ! i)'17 ' 


CO, B-O-j 

Infinlubln in acids 

0-711 

l-QO 1 

S-.55 

Equal to tribasic phosphate uf lime 

. j 77-09 

74-44 

1 OS'-M 
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TABLE IIl.-ANAI^YHIS OF AVERAGE SAMPLE 

OF A FIELD 

ORVILLE PHOSPHATE DRIED IN VACUO AT 
16" C. S'1307. (H. LASNE.) 

9H'’ C. DENSITY 

Per cent. 

Sand and ulay insoluble in hjdrochloria acid 

1'36 

1 Irf^Tiiiio matter and water volatile at a red heat 

3‘40 

Soluble Ejiliea 

fl'47 

Carbonic aeid 

3'70 

Sulphuric acid (SO,,) , 

0-75 

Phosphoric acid 

33-86 

Lime ........ 

47-54 

Magnesia 

1-20 

Almnimi 

1-70 

Oxide of iron (FejU ,) 

1-22 

Calcium fluoride 

4-6.5 

f)T85 

I'.AIILE IV.— BEAUVAL PHOSPHATE DEPOSIT. ANALYSIS MADE 

NANTIEIl AT THE DATE OF DISCOVERY. 

Par mni.. 

Phosphoric acid 

30-8'J 

46-3,3 

Ctii'hunio arid ...... 

2-04 

Fluorine 

. ' 1-60 

Sulphuric acid 

l-«4 

Feroxidf, of iron ...... 

U-,50 

Aluinimt 

0-S2 

Magnesia 

0-16 

Silica 

0-38 

Organic matter 

2-26 

Water 

IS-TJ 

101-31 


Which correBpoads belore drying to a content oi— 


Phosphate of limu f>7‘43 

Carbonate of lime 4'bO 

Oftloium fluoride . 

„ sulphate ' l-4il 


Drying raises the phosphate of litne content of this product t«> 
80 per cent. 

a. Pan ik Calais Phosphaks. The phosphate bed situated be- 
tween the (lanlt and the Greensand extends over vast tracts. In 
the ?Hs de Calais it forms the prolongation of deposits recognised 
in England as of the same stratigraphical horizon in the counties 
of Kent, Sussex, and Surrey. There is reason also to assimilate* 
it wfth the geological horizon exploited in the Ardennes and in th& 
Meuse. It was m the Pas de Calais at Wissant that Berthler first 
discovered in France the presence ol phosphate of lime in nodules, 



PRINCIPAL PHOSPHATE DEPOSITS. 


17 


amongst pyrites being wrought a>t the base of the Gault clay for 
the manufacture of gi'een vitriol. The story matter mixed with 
the pyrites yielded on analysis 57’4 per cent of phosphate of lime. 
Later on, J)r. Turner discoveretl phofiphatic nodules in the Gault 
at Lottinghem. Finally, the investigations of Mengy, Desailly, 
and de MoIoji in the Aixleimes, from 1852 to 185C, having dmwn 
public attention to the phosphates of the Greensand, these were 
not long in being exploited in the Pus da Calais, whiefi has since 
become one of the principal centres of production. The nodules or 
lumps of this bed to which the name of coqttiM are still given, are 
generally round in smooth or tnamillftiy. Their size varies 
from that of a nut to that of the iist. They are grey or brown on 
the siii'faoe, with sometimes a bluish, sometimes a greenish cast. 
In the interior they are dark brown or Idack. Some of them arc 
[icnctrated by iron pyrites, glauconite, gypsum, or quartz. In the 
Pas de Calais they are consolidated by an argilluoeous cement con- 
taining 25 per cent of glauconitic satid, which makes a sort of cOti- 
glomeralc, of which the mass is formed of 85 to 40 per cent of 
nodules, and 60 to 65 per cent of argillo-silicious matter; sometimes 
shells, woody fragments, coniferous fruits, dog-fish teeth, fish bones, 
crystals of carbontyfce of lime, are found thfii ein. The bed of nodules 
is fairly regular ; its thickness vanes from 6 to 8 inches. 

Ghemk-al Composition of th. Cns (k Calais Nodiilns—Thc 
chemical composition of the nodules varies, as two analyses by 
Dfilattre show.^ It follows from these analyses that the Gault 
nodules consist essentially in the Pas de Calais of phosphate .of 
lime, carbonate of lime, fluoride of calcium, clay, sand and glaucojiite, 
the whole associa.ted with a certain proportion of oi’ganic mattei', 
about OTO per cent of iiiLiogcn (ammouiacal) ; the glauconite brings 
also a certain amount of potash. The extent believed to he exploit- 
able in the bed situated at the base of the Gault clay is estimated 
at 600 hectares, say 15(30 acres, in tlni Boulogne district. At the 
base of the Ceuomanien formation or Glauconitic chalk, there arc 
in certain Juealitles in the Pas rlc Calais workable beds of phosphafce 
of lime. Also, in the district of ApdincLhoni, Dennehrociieq and 
Eeclinghera, and in that of Flf^cKin, Febvin-Palfart, Nddonohelle, 
Biiilleul-les- Femes, .Vumerval aud Femes eu- -Artois, at a short dis- 
tance from the coal basin, The bed of phosphate has a thickness 
of 5 to 10 inches ; the nodules arc gre-snish, rather large and ag- 
glomerated by a sandy clay. They arc more friable than those of 
the Houlogne district, and yield, on washing, about 25 per cent of 
liy-prodiicts. They titrate from 50 to 60 per cent of phosphate of 


1 See Table V, [i, IS. 
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TABLE V.- ANALYSES OF PAS DE CAT, A IS rilOSPEATES. 


MoiBl.iiri) a,t KU)'’ 0. . 

Matter volatile at a tlull ml heat 
Phoaphorlc acid (1) . 

Solphtirio acid .... 
Carbonic acid (2] , . 

I'liioriae (S) . 

lame 

MiLguesia . , , . . 

Alainina , . . , . 

Oxide olt iron .... 
Silica 


rhasphale. 

Nabring}tem, Fiennet, 
l-4i) i-40 

S-eo 5 SO 

2H-,V2 20-1*2 

1-(J6 0-8!) 

4-30 4 '20 

l-itO 1-83 

34-77 33-71 

0-04 traeeG 

3-r)3 3-‘2.5 

3-10 3-L5 

20-60 25-20 


Deilucl ox)'geu equal to tlie (luuritii! . 


Ofl-Dl 32-R5 

0-80 0-77 


Ijudetermined and lose 


ii'J'll 98 88 

0-89 1-12 


Total. ..... 100-00 

(I ) Equal to tribBsic phosphate of lime . 51 -.5(1 

(-2) Equal to carhniiatft <]£ limB . . 9 '77 

(3) Equal to oaluium lliiori<le. . . . 3-9i} 


100-00 

45-23 

SI-54 

3-71) 


.1. MmsP,, Ardmnes a)id La Marne FImpliates . — Tlie phospliates 
exploited in this diytriot come almost entirely fj-oiii the base ol the 
ci'ctaceons (Giw.nsii.nd}. This foi rriatinn forma n.lmofit a continuous 
zone which extends over 187 miles from the department of Ai-dcnnes 
as far as Yonne, crossing those of la Meiisn, la Marne and the 
Haute Marne and Aube. It consists mostly of one, sometimes of 
two beds of nodules of phosphate of lime, of a thiclmesR of 6 to 8 
inches, hut in oo.itain diatricts it thins out so nrucli as to be 
no longer workable, the phosphate disappearing entirely, or not 
existing in sufficient quantity. The existence of Greensand nodules- 
in les Ardenim was first pointed out in 1842 by Banvage and 
llanvignier, sind their chemical composition -was determined in 
1852 and 1853 hy Meugy. The first extraction works were under- 
taken by Desailly in 1856 and are still in existence. But, in a. 
general way, the works are very unstable, the sheds removing as 
soon fl.s the dca.d groimd becomes too powerful, or the nodule bed 
thins out. The Meuse nodules have much the same appearance 
and composition as those of the Boulogne district ; their phosphoric 
acid content generally varies from 14 lo 20 per cent; it rarely 
exceeds the latter limit. Komeiimes they are small, Rotnekimes- 
thoy reach or exceed tlie size of an ostrich's egg; they exhibit ir- ’ 
regular contours into the spaces between which a green argillaceous 
sand penetrates, which forces thetn to he hroke-n in bulk so as to 
clean them, At other times the phosphate of lime instead of being 
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in lumps isolated in the sand assumes the foi-ni nf a. nongbinerate 
with a sandy cement known under the name of These 

C.assms are very difficult ta clean and yield products poor in 
phosphoric acid, \ sample at nodules fwiii tlie neighbourhood of 
Grandpr^., analyzed at the Htiimn d'Esaais de I'Ecole des Muies. 
had the following com|>ositinn 

TkBLE Vr. -A^^^IiYSIS OE MHI'SH PHOKl'HATiiS. 

/'t-r 


and U () 

Alumiim and oxide of iron ;> 

Lime 

Phosphoric ncid . , , n s 

Crt.ihonic acid Ill) 

Total <|<4 f, 


Other and more complete analyses have been published liy 
Dclattre. The following are quoted 


TABLE Vir. ANALYSES OK VAllIOUS PliOKl'IIAIES IN’ THE MEUSE, 
AltDENNKS, Kl'C., DISI'IUCTS. (UELATTBE.) 


Moisture at ItlO" C, 

Mii,(.ti!r vuiiitile til a red Jicut 
I'liosplioric! acid 
Siilphiii'ic! acid 
Carbonic acid 
Fluorine 

j Lime , . . . 

; Magnesia 
I Alumina 
I Ottide oE iron . 
j Siliea . .... 


Deduct oxygen equ.al to tlunrine 


Undetermined and loss . 
Totals 

Equal to phosphste of lime 
Equal t') cfirbonata of liiuo 
Eqaal l.i> riirtflinm fliioiidc 



SiiMi'tv uf tile I’liDsphJLlL's. 

I i’ll'- 



CheaiHii-rt 




Pniieaiirt. 

1'90 

l'7o 

2-20 

2-15 

. 1 i>05 

iso 

toS 

3-75 

. 1 IB'74 

18-20 

10 -57 


. ' 1'20 

0'7i) 

0-«;> 

ft-7!) 

. ; 4 S0 

P50 

:VX0 

4-70 

I'iB 

1 31 

I'Oli 

1-75 

. 1 


31-81 

20-88 

. ! l)'B9 

tracts 

0-30 

tvacRR 

. ; 2'07 

2 '30 

;i-:in 

2-47 

•V4G 

5-83 

4-89 

3-77 

. ' 2H-74 1 

O’itKI 

24-80 

37-10 

! 99'0€ i 

>09-25 1 

00-', lo 

lIMI-n 

(VtiS i 

0-oA i 

O'RO 

0-75 

! ild-Ut ' 

iW'70 . 

9910 

[III-.3S 

, : l-0« ! 

1-30 

0-H4 

(Hi2 

. j 100 00 ■ 

lOO-OO 

lOO-no 

, 100-00 

, 1 40-00 1 

OO’TO 

42-73 

3043 

. 1 10-00 : 

10’22 

13-18 

10-68 

3-0o , 

S'70 

3-40 ; 

3-59. 


' Is made to total to 99-25 in original French, hut only adds to 99'23, 
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TARTiR VUr.— AXATA’SIH OF AUDBNNBR NOOItliEK. (MARRT AND 


DELATX'RR.) 

[‘ef cent, 

Moif^lartj 2*20 

Ori^anic matter S'H-'i 

Carbonic acid l*fil) 

Sulyliuiic acid 0’70 

Phosphoric iiuid X8*36 

Fluorine 1*37 

Lime 27-52 

Magnesia U-06 

Alumina , , 2*37 

Oxide of iron 5*20 

PuUkIi tiiilidilo ill iiitriii aiij'ii .... 0-9!i 

Silicii S2-42 

Ueiidut oxygen eiiual to fluorine .... O-ol 

98-68 

Undetermined and. lose 1*37 


iOO-00 

Oarbonatfi of lime 10 ••45 

Phnephate of lime 40*08 

Calcium fluoride '. 2*81 

Nitrogen ' 0*064 

These aualy,5e8 show that, the Meuse and Aniennes nodules i?.ro 
siniiliir in imposition to those of Boabnnais and the ncighhourhood 
of reraes-eu-Arlois, whieh is quite naturaj, both Itciiig of tlic same 
origin a,nd situated at almost the aamo geological horizon. 

4. dote. d'Or Pho.'iphiitiis.- -As far l^ack as 1822, De Bonnard dis- 
oovered near St, Thibault (Cote d’Or), in a cutting of the Burgundy 
Canal, greyish-white nodules which contained, accoiding to an 
analysis by JBerthier, 74 per cent of phosphate of lime. These 
uodules associated with grams of ammoni^ wore impasted in a 
mass of brown clay, but at that peilud but little iui|wil<!'ice was 
attached to the discovery, and it was only in 1872 that Collenot 
TO- discovered them in excavations made on the plan of the railway 
from Cravant to Lauiues. Ha collected samples which Georges 
Villo found to contain 60 to 64 per cent of trihasie phosphate. In 
1873-4 this formation was examined by Poncin, who immediately 
profited thereby. It was thu,s that towards the end of 1870 the 
phosphate works of Auxois came into being. The horizon exploited 
belongs to the Ijower Lias of Burgundy ; it is situated towards the 
summit of the gryphesis arqum (? gryphea incurva) limestone 
zpne with Ammonites Sleltaris. Towards the top this limestone 
is rich in soft, almost friable phosphatie nodules, which arc enclosed 
m the marly mass, the whole forming a mixture, the phosphate 
content of which varies from 30 to 4o per cant. The phosphatie 
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limestone Is known in the district as “calf’s liver” (foie tie reiw]. 
It ifi not workable in the natniul state owing to its iii-egnlar com- 
position, but over iai’ge stretches the gryphoa limestone has been 
altered and dissolvwi by the sLiiface ^vater which has left i)i xiUi, 
as an insolnble residue, lui argillo-femiginoiifi mud in which the 
phosphate bed is represented hv a layoi- of nodules cemented l)y 
a ganguc of a similar [latiii’e. In such conditions the phosphate 
nodules may be exploited, for it is easy to scpanite them from the 
substance with which they are tnixed, by drying and sorting, followed 
by washing. The thickness of the bed vanes from JO to 20 cm. 
(4 to 8 inches), hut this thickness sometimes reaches 30 and even 40 
om. {12 to IG Liudiesy whilst elsewhere the lied is lost completely and 
eoases to tie exploit, aiile. The nodules aic incgulai' in shape and 
greyish -white or yellowish; they arc soft, iilmofit friahle. Their 
fracture show's grey spots with some blackish veins. Their size 
varies from that of a liaKcl nut to that of the fist. I’hey geneially 
have lounded edges, exhibiting a more or less angular shape. The 
mass contains 20 to 2,5 per coni of nodules, and 76 to 80 pei' cent 
of mud. The thickness of the mud or clinker -which covers the 
bed is very variable, .1 to 3 metres (20 to 120 inches} al the most. 
The Auxois nodules contain 27 to 30 per cent of phosphoric acid, 
equal to 59 to 65 per cent of tribasic })hosphate of lime. The 
followmg arc the results of Ihree analyses hv Delattre: — 


IX.— .VNALYSES OF AITXOIS VHOSriUTKS. (DELATTllK.) 



[. 

tl. 

111. 


iVi'ceul 

hirelit 

tVv i-rtil 

1 Water at 100 

2*1(1 

MiO 

1*20 

1 Mutter valfttilft ar :i reil heat 

2*10 

2*o0 

2*, to 

I’hoephoric acid 

27*(>(i 

•iS-.llI 

20*71 

1 Sulphuric acid 

U'JKIOS 

0’17 

l)*17 

1 Oarboiiie acid 

2 *(50 

-Mi\ 

2*20 

■ Fluoi'ine 

l-To 

2*40 


' Lime . 

:16*84 


:j8-08 

1 Masueai,. 


0*18 

traces 

1 AlnniitiH 

2-40 

2*47 

. 2*153 

Oxide of iron i 

7*:-5A 

7*24 

7*45 

. Silica . : 

IH'OO 

, 14*40 ! 

14*20 


!HI'20 


5 90*40 

; Deduct d-xwcu c((«al to (lie tiiioi'iuf , ; 

Q-U \ 


0*65 


y8*47 

i 08*96 i 

08-84 

Undetemiiiied matter and loss . 

j 

F-IH 

1*04 

1*16 

Totala i 

iixi'dh 

I<II)*(I0 

10tl*00» 

Equal to phosphate of lime . 

oil *07 i 

; 62*41 j 

64*85 

Equal to imtlioiiatc uf lime . . . . | 

i)*yo j 

5*68 

fi*00 

Equal to calcium fluoride , , , 

8*.5!) ' 

i 

3*16 



L - 




TntftiR to SKM)!). 
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Accordinff to the Erench mining fitatistlea of 1BH7, the approxi- 
mate extent of the Cote d'Or phoaphatc deposits is estimated at 5000 
hectai'ftfi (12,500 aorea), oontaining 1,500,000 tons of that product. 

B. Cher P/mspAofe. — Beyond tlie disiriets described, a bed wilh 
nodules 15 cm. to '20 cm., say 0 to 8 inches thick, situated in the 
upper Albin, has lately been wroiiglit in the, department of Cher. 
These nodules, of a, yellowish- white colour and sometimes loaded 
with silex, are associated with white quart^ose sand and gravels in 
the proportion of about one-third,. They only contain 14 to 16 per 
cent of phosphoric acid. They are hard, and hence difficult to 
grind, and thaiv freight was heavy owing to the great distance from 
a railway station. They were wrought exclusively in the open air, 
within the radius of Vailly sur Saldin, then after linving been 
washed on the spot, they were ground and dispatched. The irregu- 
larity of tlie deposit, the poor phosphoric aciil content Orf the nodules, 
their great hardness and tlie heavy cost of freight, lendered these 
workings expensive, and they were a,bandonftd. 

6. Quiifcy Phmpimtes {Lot and Neigh-boiiring Deparhnenis ). — 
Phosphate deposits occur over a wide area in Quercy. The phos- 
phate occurs in corcretioiis in fihe form of big pockets or vertiir'.al 
veins in the limestone (earn'cs) belonging to the lower oligocene. 
They are only found in the high limeatonc plateaus which have 
been traversed by the fresh TOters of the eocene' and almost always 
ill the immediate neighbourhood of tertiary ihta (ontlievs) left on 
the spot. These outliers never exceed 350 meties (1148 feet) high, 
and it would be useless to seek for phosphate pockets ou Jurassic 
plateaus of greater altitude. The pockets are very variable; some 
have a diameter of 35 metres {115 feet}, others are crevassefi of 3 
to 6 metres (10 to 20 feet), following a straight line over- 90 metres 
(say 300 feet). All the known pockets end in a point at the bottom, 
and widen near the surface. The irregular nature of these deposits 
flftftms to form an obstacle to their development. Their high })hos- 
phoric acid content seems to have led to a inultijilicatioii of badly 
organized works which ceased to be self-supporting when it was 
necessary to go lower down. These phosphates are chiefly nsed in 
the manufacture of aupevphospha,tes to increase iHe percentage of 
poor phosphates, so as to bring them to the commercial standard 
of 10 to 16 per cent of phosphoric acid soluble in ammonium 
citrate. Their average composition is as follows: — 

TAKLli X.— ANALYSIS OF Ql'EECY PHOSPHATEH. 


Water and organic matter 

Phosphoric acid 35-33 

Lime 48-7‘^ 

Carbonic acid 3 -43 

Salphuiio acid 

Pluoiiue — 

MngneBia O-OS 

Oxide of iron 2-24 

Alumina ‘2-78 

Insoluble 2*12 


lUO'Otl 
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7. Oard and Ardeche. Phosphaien, — The Gard deposits are 
chiefly phosphorites, the formation of which has heeii contempoiune- 
ous with those of Qiieroy. They are found in irregular cxijavationH 
amongst the compact limestone of the Crgonian age. The workings 
are underground. The chief producing centi'es a>'e on the lands of 
the communes of Tavel and Lime. There are a' so deposits of 
tiodiilps in fi&intvliilien-dfi-Peyrolas and Siilar,iie, also in the de- 
partment of Ardcclic at Saut-de-l'Eygiie, la EouHette, Beyne, etc. 
Production almost nil, 

8. Dronu and Mre Phosphates.— In Drome they chiefly work 
the Greensand nodules at haint-Paul-Trois-Ohateaux in the diatricl 
of Montelimar, 'L’he nontent of these nodules does not exceed 
percent of trihasic phosphate of lime ; it averages 45 per cent. The 
workings are unimportant, ai e solely ir: the open air, and consist of 
screening tlio nodules and scrubbing them in walei’ to separate 
adhering sand. In Isfire there are fossiliferous and phosphatic 
beds (Gault) of gi'eat regularity, but the rock is sometimes so com- 
pact that the nodules cannot be washed and enriched hy simple 
economic triearifi, siiclt as screening and scrubbing, which are the 
only methods that can be applied to mater ial so poor in value, 

9. Pyrenees oj Arieges Phosphates . — These {ihospliates, described 
by Dr, Levat in a memoir presented to the Academy of Sciences, 
form a vast bed developed in the valleys of Bonnes, Lnchon, Salat, 
in the neighliourhond of Prades, astxindiiig towards the north in 
les Gorbieres as far as the environs of Cannes. Pyrenees or Ari^iges 
phosphates have a brilliant black appearance recalling that of anthra- 
cite. The composition of the bed is characterized in its rich parts 
by numerous black, brilliant, usually flattened nodules consisting of 
almost pure phosphate of lime and testing 65 to 75 per (-.HTit of Irihasic 
phosphate of lime. The gangue encrusting these nodules is itself 
phosphatic. Moreover, tiicrc lias been found in it an important 
amount of organic matter containing organic nitrogen in the pro- 
portion of 11 lb. jrer ton. The extent of the bed reaches 8 to 10 
metres (26 tq,‘d3 feet). The nodules are concentrated Rometimes 
on the roof, sometimes on the wall of the deposit, 

II. Brcguum.— A lwufc 1874, Cornet discovered at Mesvin and at 
Giply near Mons, below the landenien sands, a bed of 8 to 10 metres 
thick of brownish, friable, sliglitly coherent chalk containing 75 per 
cent of brown grains of carbonate and phosphate of lime, the largeet 
of which, are rot bigger than a pin’s head. This speckled chalk, 
known in the district as brown chalk (crate bnme), contains 25 to 
30 per cent of tribasic phosphate, with a slight enrichment at the 
base, It otxjura at a higher level than the Beauval chalk. In^the 
upper part it exhibits pockets, in which there are found masses 
of pudding- stouc called poiidimjue tie. la Malog^ief consisting of brown 
coloured nodules containing 50 per cent of phosphate, cemented 
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together by a calcareous paste. These nodules have an analogous 
composition with the brown grains. The calcareous tufa of Maest* 
richt, itself phosphatie, rests on them. Other pockets, oontaaning 
a chestnut-coloured phosphatic sand, like a highly ferruginous sand, 
tests fid per cent of tribasic phosphate. This sand, which coats 
the sides of the excavations, is only about 30 cm,, say 12 inches 
thick. It consists of the same small phosphatic grains that are 
met with in the brown chalk. The phosphatic chalk of Mesvin 
and Ciply, like that of Somme, is not commercially utilizabic, but 
its extreme friability, and the facility with which the phosphatic 
grains are detachable from their chalky envelope, enable it to he 
ftiiriched and to bring its content up to 50 and even 60 per cent of 
phosphate. It suffices to pulverize it and to submit it afterwards 
to an ascending current of air which removes the clialh dust and 
leaves the small heavier phosphatic grains, or to roast it slightly 
and to wash it in mechanical preparation plant. Other important 
phosphatic deposits occur in the district of Li^ge, at Eocour, 
Vottem, Hesbaye, on the right bank of the Meuse. It likewise 
occurs at Liers, Voroux, Milmort, Ans and Monttguee. 


TA.B[iE XL— ANALYSES OF CIPLY PHOSPH.ATEB. 



I. 

TT. 

Tir. 

IV. 

Water 

0-(;5 

0-80 


1-40 

Organic matter 

3-00 

2-50 

2-12 

1-90 

Phoaphoric acid , 

' 18-fifi 

22-14 

24-f)9 

2(5-29 

Sulphuric acid 

O-OI 


— 

1-61 

Lime 

49-90 

60*72 

60-31 

51*98 

flirhonii: acid ..... 

18-40 

15*70 

15-00 

12*80 

Magnesia 

0-&9 


— 

0*67 

Oxide of iron and alumina 

2-28 

1*72 

1-,S1 

a-8C 

Insoluble 

5-91) 

3*31) 

1 ‘i-A 

l>*7+ 

Undeterminnd 

1-29 

3*62 

5-38 

1*75 

Totals 

100-00 

100-00 

100-00 

100-00 

Equal to tribasic phosphate of lime 

40-72 

48-25 

53-82 

57-39 

Equal to carbonate of lime , 

41-81 

35f)4 

454-24 

29-09 


TABLE XII—ANALYSES OF LIEGE PIIOSPHATES. 


I. li. 

Pi’.r Per cM. 

WiihcT O'^B 0-85 

Chemically combined water .... ’i'SS 2 "53 

Phosphoric acid 27-20 26-08 

Carbonifl onid 3-10 8*00 

Soluble Hi Hen , 0‘80 0*76 

40'6i 38-01 

Miigaeaia 0'79 0-81 

Oxide ot iron and altmiina . . . 2-39 3-30 

CalcLTim fluoride, oaloiimi enlphate, eta. , 5-93 4*40 

IriKoInblt) 15-84 21-27 
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IIJ. England. — 'IV ue Roprolites or lossil exereinenrs ritih in 
phosphate of lime ifi the form of moit! or less round lumps, 6 to 
20 cm. (2^ to 8 inches) in diameter, are found in England in the 
Lias marls, ehiedy at Tiyme Regis. Tlie inteiior is earthy like 
hardened clay, but amongst these thei’e can be readily distinguished 
the teeth and the bones of the fishes and reptiles which served as 
food to the sanrians of the. epoch such as the iehthyosiunis, the 
ploiosaurus and the teleosaurus. Coprolitea have been found at 
the mouth of the Fevern near Bristol. 


TABLE XUI.-ANALYSEN OK l-YME BEG IS COPIiOlJTKS. 


(TfioMraox hekapath.j 

I II. 

Prr mit. t’frctiit. 

Wattr [ ...... 'i-9% 

Organic matter ...... ' ’i'Oni 

Salium chloride end siiljiiieh' . . . tviioea — 

Carionatc uf lima . . . ;iS'(i74 2H‘]ai 

Carhonate of magnesia ..... — 0'42K 

Sulphate uf lime 1-077 (t-02G 

I’hoaphate nf lirrift (iO-Tfin | 

I'hosphafc of raagiiesin fniocB * 

Phnapha.te of irojt 4'057 tPlH'J 

Phosphale uf uliiiDina I.niowi l'27<i 

E'erric oxide ...... 1'0!)4 

Alumina traceK ^ 

Silina, calcium fluoride, and !o«k . . . (l•7SH 


1(HHK1!)> lOfl-Omi- 


Nitiupciii . (Vi)H2 Lndeterminwl 

Density 2'7(J(I 3-790 


'i'ABLP. XlV.-ANALYSrS 0]-’ CAMHUIDOK COPllOl.ITKS. 

I'er vmt. 


Moisture . , S-(in 

Organic matter 0-00 

Silica 0-00 

Phosphate of lime 77-70 

Oarljonaie of lime 3'‘I0 


ino-(io 


TAIILE XV,- AXAfiYSIS OP HBFPOJ.K COldlOLITKK. 


Cuuibinod water 10-00 

Sand oxide of iron 21'00 

OaThonatft of lime lO'lK) 

Phosphate uf Bme ulj-tlO 

Calcium fluoride sniphstes and altuliiif. chlorides . O l'O 


100 -ou 


Totals to SH-aO.}. 


’'Totals (0 !l5-7-i0. 
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Afi far hiuik aK 1H48 antediluvian hones were dug out of the 
Su&lk and Norfolk Cmg. The upper Norfolk Crag contains 
fossil hones of the elephant, rhinoceros, ox, etc. They are found 
mixed with sand and gravel at a depth of 7(1 tn Hf) em. (27 to HI 
inches). The samples fi'oiii the Ixnie bed in the neighbourhood of 
button (Suffolk) are sometimes spongy and friable, sometimes 
fibrous and resistant. The lattei' readily take a fine polish, and 
their porosity can only he seen under the mici'OKco{)e. Their 
iinalysis gives the following tignres : — 

TABLE XVl.-.\NAr.YSF,S OF FOSBIL IfONES FKOM BUTTON BONE 

I. , II. 

ceni. i'er cent, 

2';)12 

4-851 a-;461 

‘27-400 2t)‘800 

0-371 0-28() 

0-51 4 tmren 

40-632 5y-i)66 

r>-60fl 4-800 

3-400 ' 4-638 

3-l>l7 undetcimineO 

0-620 0-090 

!)9-8?2 99-861 

0-1244 unilBti’.i-mined 

Three other samples from the same locality intended for super- 
phosphate manufacture, yielded 58-61 and 62 per cent of tribasic 
phosphate of lime. Besides these deposits of phosphorites, result- 
ing fryin the burying of bones, pliosphorites ary also found in the 
county of Suffolk, at Felixtowe, Sutton and Walton ; these deposits 
are 20 inches deep. The phosphorites oconr there as brilliant 
black nodules, exceedingly hard, and were formerly used as pebbles 
for road-making, Their composition is as follows 

T.ABLE XVII.- ANALYSED OF SUFFOLK, ETC., COTllOLITES. 


f^er mnl. t’en 


Walur and orgrtiuii uiiiUoi- . . . , 

4-0 

_ 

TrI calcic phosphate .... 

7(1-9 

54 

Carlwnate of lime .... 

10-28 

10 

Silica 

5-79 


Oxide of iron 

_ 

5 

O.xide of lituminn. ...... 

FUroriui; 

_ 

4 

3 


Fiimlly, deposits of pseudo coprolites are found in the Welsh, 
CambriHii and Siluiuui at Mowdry, Peniiyganedd, and at Beroin, 


BED. 


Wilier extiuiited ;it 0)0° 0. to fl. , 
Wntcrand urj<iirii(; jimltur vnliilih; ii.l ii 

red heat 

Carbonate of lime 

Carbonate of magucsia .... 

Holphate of lime 

Phosphate of lime combined with a little 
phosphate of iniignesm. . 

Phosphate of iron 

Phosphiitu of alumina .... 

Calcium fluoride 

Silica 


Nitvogi'.ii ill ion pMi-ts 
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But the Euglish suporpLosphate iiidustvy is almost entirely stopped, 
■owing to the competition of other countries that possess more 
readily workable deposits. (See footnote p. 0 and context.) 

IV. SwKOKN AND NoiiwAY,— Apatite with 36 to 41 
per cent PjOj is found in (juartz [rt Horesjobera, 

ATorwttt/,— In the Kragero schists, near Chiistiania, likewise 
in the granite and gneiss, crystalline apatite is met with rarely in 
crystals. Its colour is yellowish-white or gieeiiish-gvey or red, 
The crystals have the following composition 

TABLE XVIII.-ANAIASIS OF XOltWEGIAN AP-ATITK (CHYSTALSi. 


JVr wat. 

WB.ter O'U 

Loss on ignition . . , 0-2 7 

Phosphoric acid . . . Sil'44 = I4ii-10 

l,iine fid'Dil of whicii ‘2-28 is fn'6 liiiii’. 

Magofisia .... tl-lW 

Oxide of iron . D-r'il 

Oxide of alnmin* . . . 0'8S 

Cai'honio acid ... O' lo 

Sulphuric acid . , . 0‘12 

Chlorine , , . , •2‘fi2 

Insoluble , . , . d 02 


V, Gkemany, — Germany possesses almost no deposits of phos- 
phate of lime inihiRtrially utilizable, and the recent geological exam- 
inations that have been made have hardly given any result. 

VI, Austria- I luNOARY.— Deposits of poor phosphates exist in 
Bohemia, at Kostic and at TepllU, the composition of which is 
.as follows: — 


TABLE XIX.-ANALYyiS OF BOHF 


MIAN I'HOSI'HATKS, 


1‘hosphoi'ia acid . 

Lime . . . ■ 

Carbonic acid 
Sulpliiiric Hold 
Cileiitlii Iliiuride . 
Magnwia . 

Oxides of iron and alnraina 
Si lion. .... 
Sand .... 


ivir, 

S‘2-l)2 

12-m 

0-82 

S'.51 

M)4 


Moreover, vast deposits of phosphorite are.ifoiiml in Galicia and 
Bukovina, which arc connected with those of Central Russia, as 
will be seen further on. 

VII. Russia,— There are two deposits of phosphorite in Russia 
■of considerable extent, one of which, part of Podolia, 500,000 
hectares (1,250,000 acres), and of Bessarabia, 70,000 hectares 
-(176,000 acres), extends into Austria, Its most important centre is 
;m the basin of the Dneister, between St. Urzica and Noaileu. The 
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phosphorite is found as uodulbs with a smooth and polished surface^ 
rarely rugose nr exfoliated, sometimes greasy to the touch and 
resembliug polished east-iron, 2 to 2^ inches in diameter; some are- 
8 inches in diameter. Their composition is as follows; — 

TABLE XX,-ANALY8IS OF RUSSIAN PIIOSniOmrE NODULES. 

/’sr cent. 


Phosphate of lime TA-OU 

Carbonate of lime up to Vl-'iH 

Caloium fluoride fi-SW 

Sulphate of lime 1‘5!| 

BhoB[ihH.te of ma.goesia up to . . . . 1-30 

Oxide of iron and alumina ,rOl) 

Organic matter ■ , . . . . , MK) 


The richest and most extensive phosphate deposits are those- 
of Central Eussia. They occur chiefly in the governments of 
Podolsk, Kostromo, Smolensk, Koursk, Woroticsch, Simbirsk, Tarn- 
bow, and on the batiks of the Volga, from which they trend towards 
the West as far as Nicmcn ; they ocLiupy a surface of 20,000,000 
hectares (00,000,000 acres). The richest deposits corsiKt, in part of 
phosphate of lime, mixed with organic matter. According to a 
recent announcement it has been found that the building-stone- 
used in the whole district is nothing but phosphate of lime. That 
is a highly interesting fact. The phosphorite contains 

TABLE XXI.-ANALYSI8 OF CENTRAL RUSSIA rilOSPHORlTE. 

Per cent. 


Witer li-lO 

Phosphor! fl acid ‘i'}-4r> 

Lime 4K-{I0 

Cmljonie Hold 4‘60 

Oxide of iron 3-40 

Oxide of alumina 1-Oi) 

Sulphuric acid 1-01 

Fluoiitic 0-47 

Silicfl 13-82 


These immense deposits are. not utilized. They are to all' 
appearance destined te form the reserve from which Europe will* 
draw when the deposits now being used up will be exhausted. 

VIII. Spain. — There exist in the province of Estremadura ex- 
tensive phosphate deposits, forming well-defined veins. At Log- 
rosan the veins occupy a space of 12 to 20 sq. miles, they 
traverse the granite and the Silurian schists and only contain 
phosphate and quartz. The phosphate is apatite. It occurs as. 
regular, generally dull hexagonal prisms of a yellowish or greenish 
colour, and unequal. , It is found in its gangue first as more or less, 
voluminous, crystalline fragmeuta of 0'2 to 1 inch in length, then 
as crystals almost invisible to the naked eye, and distributed 
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throuj^h the paste oE the rcxsk. The Caceres deposits are more 
extensive, but the matmal is Icsa rich in phosphoric acid. The 
veins traverse a compact limestone regarded as Devonian, and 
disperse themselves m the subjacent, schists with thiimlng-out zones 
IE coataot. Phosphate veins also occur in the Silurian schists, 
which extend to the north of Alcantara, province of Caceres, ot 
Bftdajoa, Elvas, Zarza Mayor, Albala, Moiitanchcz, hhijadas, 
Malpartida, Ceclayin, as far as Portalegre and Morvao in Portugal. 
The size of the veins varies from 20 cm. (8 inches) to B metres (25 
feet). The phosphate and. the cental iiiiig rock are of the same nature 
as at Logrosan. The composition of Estremadui'a phosphate varies 
very considerably, as the very complete analyses of Schuidtl repro- 
duced here show. (See also p, 5.) 


TAimi.; XXI. |d.--ANALYSES Of «AMin,RH OF EBTUAMADOR.A 
rnORPHATRS. 


Wst-ei 

Triciiloio yihofipliak* 
Oalniiint tliiorifie 
Caluiuiii clilvri<](; 
rinrtioiiiik', of lime 
Sulphate of lime 
Silioic acid 
Osit-le of iron . 
Oxide of alumina 
Maaganese dioxide 
Undetermmed . 


ApiLtife ux. i “ i I’liosplioi'ito 

l.niL-Loli freia ' S . I FiUrocis 

(JmiiiUi. 1 : KdTthj'. 



— : ^ ''0'L>A, O-Lo 

M-8‘2 i dftOil 78'H; ( 

,'>■44 ' A-;4K ' 2-is ' asm 
O'.Hj ■ - I 0-111 i - 

— • ~ iiJ’:{i) 1-iti 

— ■ — ^ 0d)'2 I ti'acea 

0-dO ; MX) -Till) ! 2-Of) 

— t Mo 1-10 I 0-84 

- — ■ 1-30 itraoes I ti'acee 

. -- : 0-30 traces ! traces 

I 0-13; O loi 0-34 i 0-fi4 



O Or, ■ 
74 40 I 
.■1’08 

20-4') , 
! traces i 
1-10 : 
0 50 

traces 
0-42 j 



085 ; u-UO 
80-77 ■ 7!i-4(> 
M13 4-5.3 

t.iii.tii'R (|'05 

17-00 i;t-(;4 

U'ftceB i tracea 
0-10 ^ 0-‘20 
0-l)« ' (1-00 

017 ^33 


IX. Noni'u AxiEUiCA, — Tlieic arc four centrob of phosphate 
production in North America, viz. Canada, South Carolina, Florida, 
Tonneageo. In addition to these, dopositg of lesa importance occur 
iu North Carolina, Pennsylvania, Massachusetts, Indiana, Kentucky, 
and Alabama. 

CftMdiia.— Deposits of apatite, crystallized in pockets and in 
veins, are wrought in Canada. The pockets of apatite are met 
with in bede of pyroxeuit of variable magnitude but of gi'aat regu- 
larity in stratified conformable layoi'g in the gneiss. The paleozoic 
limestonftfl on which this gneiss lies are of the Laurentian age. The 
gneiss is itself pierced by numerous ci-ysta!s of apatite. Apatite is 
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found in the province of Quebec, at Templeton, Buckingham, Port- 
land, Egonville, CAevrc-river; in the province of Ontario, at Leeds, 
Lamarck, Pontenac, Addington, Kingston, Perth and Renfrew 
County. The most important deposits are those of North Burgess, 
South Burgess, and North Emsley in Lawrence County. 

The utilization of Canadian phosphates is embariassed not only 
by the depression more or less transitory in the price of the goods, 
but further and still more by the irregular mode of occurrence of' 
the deposit, and the obligation created hy the dharneRS of freights, 
and comniereial customs, of only regarding as marketable and lit 
for export products containing 80 per cent of trihasic phosphate. 
Now this coiitent ciinnet bo secured except at great expense, and 
an enormous waste of low content material uniitiliz.ahle, which is. 
piled up on the outsltirts of the mines. In fact, every mineral with 
less than 60 per cent is of no value in Canada, as not being capable- 
of paying for the freight. Attempts have been made with the wash- 
ing processes, with the result that certain deliveries have tested 
87'HH of trihaRic phosphate of lime. That is the highest figure 
attained in Canada. [Working has ccaaed lor some years. — T k.] 

South Carolina , — The South Carolina phosphate deposits oc- 
cur iti Miocene strata from the Charleston basin as far as North 
Carolina, Georgia, and Florida. They are very extensive, and the 
nodules of phoaphorite extracted therefrom arc very analogous 
with those which exist in Central Russia and in the London Basin, 
They were discovered in 186!), i.e. long before the, other Norlh 
American deposits. The Carolina deposits extend along tlie coast 
with n. bre.a,dth of 10 to 45 Tnilesfroni the sourcBof the River Wa.iido' 
and from tlio eastern ai-m el (he Rivej’ Co<J[jbi-, wliich both ilow 
into the Atlantic at Charleston, as far as the sources of Broad River. 
They ai e often foiaicl on the surface of the gi'onnd. .At other times 
they are covered witli sand and clay deposited by diluvial water. 
The rock phosphate is distinguished from the river phosphate 
{Land PJwsphale and Jiiver Phmphal.e]. Tlie first is usually found 
10 feet from the surface, the second on or under the bed of the 
livers. Their colour varies according to their origin.' That of the- 
rock phosphate is yellowiRh or pale grey. River phosphates are 
black owing to presence of organic matter, The phosphorite occurs- 
3.8 nodules or balls, with a rugose surface, and smooth or pitted, 
sometimes shining a,s if enamellcrl. It is often mixed with shells, 
petrified bones, the teeth of terrestrial and marine animals. Idie 
diameter of the lumps vanes from a few centimetres to 1 metre. 
Before the discovery of the Florida phosphates, the South Carolina, 
deposits furnished about one-fifth of the world’s consumption. 
Their product was perfectly suitable for making superphosphates- 
witli 13 per cent of phosphoric acid - • 2o'4 per cent soluble phos- 
phate. The annual export amounted to 150,000 tons. But since 
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1890, Florida has not oeasftd f,o iiiei'tsisf:'. its production, and the 
low pricf) caused thereby has led a certain nnmiiev of those enga,ged 
in the industry in Carolina to stop work, Since that time the 
Carolina production has continued to diminisli. The average com- 
position of South Carolina tiodules is the following, hv Dr, C, W. 
Shepard of Charleston 

TABLK XXII.-WElt.^GE COMPaSITION Or OAltOI.IN’A lUIDSl'HATE. 


Phospburiu miid (o id 

Carbonic Mid ‘>,,11 

Sulphuric ftOiiil iV.'i „ U 

Lime , . , . . Ho „ 4'i 

Mafjnesia . , ti'niicH to U 

Eerric oxide 1 to 4 

Fluoiitie 1 - 

Sarud and nilica , . , . 1 „ Id 

Organic Liinilei' and combined water , . d „ (i 

Moisture (I'o „ 4 


i^'U)ri.da . — This peninsula of the American continent ooiilains,. 
throughout its whole length, pliosphatic deposits of great nmignitiide, 
but which were not utiliml befoie 1B9D, Dr, BimnioiiH of Haw- 
thorn in 1879 dtsjovei'cd that the chief tjuanies of hiiilriing-Rtone- 
of Central Florida i ontainftd a consideLahle, amount of phosphoiic 
acid. Again, Francis Le Baion, a Ficneh crigineev of -hwksonvillc- 
(Fla.), discovered in 1884 the deposits of fossil hones foi’ining the 
bars of Peace River, and also sent, at the tinne several barrels to the 
SmithBonian Tnstiiution iu Washingliu). This engineer returned 
to the district in 188li, ma<le measureniHnts aiitl estimated the 
profits to he drawn from the working of these superficial deposits. 
When these were published, Col. T, S. Menchirld installed in 1H77 
phosphate works to exploit the nodules, and .sunt his hist deliveiy 
to the Scott Manufacturing Co. of Atlanta, (ieorgia. In June, 
1889, Albert Vogt (iis!',t>vered the hard rock pliosphate in sinking 
for water about twenty iiiilus S.W, of Ocala, a small town in 
Centifil Floiicla. The Dunellon Fhosphate Co. was tlicii formed to 
buy and expfoit several thousand -.Uives on the alignment of the 
hard rock pliosphate. Since that time the different kinds of phos- 
phate as rooks, and as nodules, havi; been actively prospected for, 
and recoguiwxl over a tract 200 miles long by 6 miles in width. 
This belt is dovelopetl, parallel with the coast of Florida, at an 
average distance of 26 miles, and extends from the district of 
ItioWand, Pasco Comity, to the north as far as the environs of the 
River Apalachicola, bending lowiirds tlic west and the south. 
The most important, df.].iosit of nodnlcH (Land Pebbles} was dis- 
covered in 1890, in the neighbourhood of Bartow (Falk County). 
As far book as 1892, botli rook phosphates and nodule phosphates 
were known with diverse percentage contents and values far Iwyond 
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the livers Apalaxihicola in the west atni nortli, and Caloosabatcliee 
in the south, Throughout all these districts, representing a length 
of 400 miles, the exploitation has been followed up with Ceverish 
enterprise, and the (juaiililies marketed, not only in the United 
States [)ut in Europe, have rapidly inci'eased. So as to be able to 
give some details of the nature of the phosphates collected in this 
region, the geology of Florida will not be discussed. 

Desoription of the. Dtponiis.—Vo^xv kinds of phosphates are 
differentiated by the following names, viz. Hard Enok, Soft Fhos- 
phate, Land Pebbles, Eivcr Pebbles. 

Hard Rock . — Kock phosphate as a type is hard, compact, with 
u fine homogeneous grain, usually a pale yellow with irregular 
cavities often coated with marniliaTy concretions of phosphate of 
lime. These cavities are sometimes filled with amorphous phos- 
phate of argillaceous aspect, due to the ti-ansport by water of 
particles of phosphate in suspension. The haixi rock deposits of 
the Eocene are concontrated^in a narrow belt of about 144 miles 
loug, almost parallel with the West Coast of Florida, and at a dis- 
tance from the sea varying between US to fiO miles. Taken as a 
whole, hard rock occurs as a conglomerate of boulders, cemented 
hy a gangue, consisting of phosphatic sand, clay, or other detritus 
from the disintegnvtion of the hard rock, and which constitutes the 
soft [ihospbvte. The magnitude of these deposits of haid rock 
vary considerably. Near EuneJlon they arc often 40 to 50 feet 
thick, elsewhere only 5 to iO feet. On oerfain points phosphate 
is found on the outcrops, espeeially in Levy County, but more often 
it is covered by a layer of sand K) feet thick. There arc two kinds 
of rock phosphate, solid rnck and larnina-ted rock. The solid 
rock is more or less homogeneous, of a white, grey, or yellow colcuir, 
sometimes deep blue or black, but more often it is marblful. 'I’he 
hard rock of good quality contains 77 to 82 per cent of pliosplmte 
of lime, and d per cent of oxides of iron and alumina. The analysis 
of a fine sample of hard rock gave tl; ; following figures: - 

TAIU.K xxni. -AN ALIBIS OP A PINE SAMPLE OF ffAltl) UtJCK 
PHORPHATE, 

Ver 


Water 0-92 

Calcium fluovidc 4 ’4 

Phosphate o£ lime H3-U 

Carbonate of lime 3-G:t 

Oxide ol alumimi 1-52 

Oxide of iron R-4r> 

Silica 4‘13 


■ The analysis of two cargoes of fiflO tons each, from the Blue 
Eiver Phosphate Co., gave ; — 

1 Totals to 106-19 ; the error is Bvidcntly in the oxide of iron.— -T r. 
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TABLE XXIV.-ANALYSE8 OF, HARD ROCK HLUE RIVER PHOSPHATE, 

L II. 

iW ceut. J'frcent. 

Water O’, '52 2'6l0 

Fhofiphate of lime «1'S9 7HTI) 

UxideK ol irrm and H-luiu i 11(1 . . . . 2' [Hi ‘idto 

The la/ininated rock, tlie ciovices of which are {fenemlly tilled 
with clay, rarely sand, frequently contain f) to 8 per cent of clay, 
from which it is partially freed by roasting, grinding, iind sifting. It 
then only containa H to 1 per cent of oxides of iron and alumina, 
and is exported. The niaterial passing througli the sieve contains 
up to 10 per cent of claV, and is utilized in the coimtry itselL 
This roasting of the phosphate is carried out in a very primitive? 
manner : on a layer of wood 1 foot thick is placed a layer of phos- 
phate 8 to 4 feet thick, and fire applied. . This method is decidedly 
cooiiomioal, but it yield,? a bad product. Whilst the phosphate of 
the lower layer is roasted, that on the top is barely dried, and the 
whole mixed with ashes and pieces of charcoal. But the roasting 
has little effect on tire moistiue centeijl of the phosphate, for it 
suffices to expose if to the open air for it to recover 1 to 3 per cent 
of water. 

PLalc. E(u:k or SImti Ilock .- — This kind of phospliate is the most 
interesting of all. It is fminil nea,i’ Ocala, especially near Anthony, 
Spar and Moutagne, It occurs as small tablets, or as large as the 
hand, of irregular shajxi of one to several centimetres thick, of a 
white or brownish -yellow colour. The heavy, brittle fragments are 
the richest in pfiosphoric acid, whilst the soft, light fragments 
contain the most clay. The sorted pieces contain sometimes as 
much as 80 per cent of {diusphate, and only 1 to 2 per cent of oxide 
of iron and alumina ; the average is 74 to 78 per cent of phosphate ol 
lime, with 3 to d per cent of oxide of iron and alumina. This high 
iron and alumina content comes from the giuvcl mised with It, 
whitdi forms irregular fragments of phosphate, the crevices of which 
are filled with clay. The plate rock rests always on the dolomltic 
limestone which forms columns and irregular cones. The cavities 
comprised between these columns are filled with phosphate, mixed 
with sand or clay. In certain places the phosphate bed is very 
pure and contains 50 to 80 per cent of pure phosphate. The 
superficial layer of sand is usually rot very thick, hut it is some- 
time 45 to 50 feet thick. 

Soft Phosphate . — There is known under thie name, in Florida, 
a pliosphatic clay of soft, friable, or kneadable consistency, with a 
very variable moisture content, which constitutes the hllsng between 
the pebbles. As the following analyses show, a small portion of its 
phosphoric acid is sometimes soluble in water or in citrate 
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Soft Phosphate of Palk County . — Waber 8' 35 per cfttib ; phos* 
piroric acid, total 28'9 per cent, of winch 0’87 per cent is soluble 
in citrate (Wagner’s method) and 2 '05 Rolnble in oAtrabe (i*eter- 
mann’s method) ; 2'83 per cent of oxide ot iron, and O'BG per cent 
of clay. 

So/f Phosphate of Alajia Creefc.— Water 5'8 per cent ; phosphoric 
acid, total 94 per cent, of which 0'li2 per cent is soluble in water ; 
oxide of iron 7 '5 per cent ; day 10'2G per oent. This quality of 
phosphate is used directly as manure, being simply ground fine. 

River Pebbles are found in several rivers of the west part of 
Florida, chiefly in Peace Eiver and Alabama Kiver, where they 
sometimes form considerable deposits. This phosphate can he 
extracted cheaper than all others. Powerful dredges fitted with 
centrifugal pumps lift the sand and pebbles; these are afterwards 
separated from the sand by a slightly inclined rotary sieve consist- 
ing of iron rods. The sand passes through the meshes, and returns 
with the water into the nver, whilst the phosphate issues from the 
nievc at the lower extremity, mixed with stones and pieces of wood. 
It is taken to the dryer without further cleaning. The daily yield 
■of a dredge varies according to the quality of the material lifted 
by the pump. Thus on certain points of the pver the phosphate 
is very pure, whilst on others nothing but sand is found. Home 
■days 100 tons of phosphate are collected, other days unly 20 tons. 
'The installatioria at work on Peace Eiver produce on an average 
dO iions of phosphate per day. The cost of extrorction of river 
pebblas is in general not heavy ; however, the cost price per ton 
exceeds a dollar on an average. The waters of Peace Eiver in- 
cessantly bring phosphates to certain points, aTiri remove it from 
others. Whatever may he the imporlAnce of the deposits of Peace 
Eiver phosphates, they arc not inexhaustible, and the time can be 
seen when they will cease to be workable. Eiver pebbles are in the 
form of nodules, the sine of which varies from Band grains to nuts. 
The corners are rounded, and the surface is often polished and 
brilliant, The colour is dark-grey, hiue, or black. The land pebbles, 
from which the river pebbles are formed by washing, are generally, 
pale, and it is believed that the black colour of the river pebbles 
comes from the tannin of the plants which grow on the banks of 
the rivers. Analysis reveals no difference between the two phog- 
phates, Both have the same composition, 65 to 70 per cent of 
phosphate of lime, with less than 3 per cent of oxide of iron and 
alumina. However, the impurities found mixed with river pobbles 
have the effect of bringing the phospha.fo3 nf lime down to from 
60 to 65 per cent. 

Land Pebbles.— M the country, between Peace Eiver and 
Alafla Eiver, in the counties of Polk, Hikborough, de Soto, Manatee, 
contain phosphate deposits. The richest region is a strip of land 
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about 160 gquMtj miles, between Barlow, Fort Meade, Cbicota, 
arid CaUsville, Tbe land of this district is flat like all Snnth 
Florida, with low undulations here and there. Endev the surface 
bed of sand, phosphatic clay is found almost everywhere. As 
already mentioned, land pebbles can hardly be distinguished from 
river pebbles. They are paler and purer than the latter; their 
phosphate of lime content reaches 72 to 75 per cent, on an average 
to 68 per cent, with 3’3 per cent of oxide of iron and alumina. 
Ad average sample gave the following results 

TABLE XXV.-ANALYRIS OE LAND PEBBLE BHOBi'HArE. 


F9r ce-ni. 

Phosphocio acid 33'61 

Lobs on ignition fl'Ttl 

Lime 48'08 

Oxido of iron 1-20 

Oxide of alumina I'SH 

Magnesia 3 '54 

Carbonic acid 2'2i> 

Silica Mr> 


TewnesiC6 . — ^As far bach as 1892, the presence of a very ex- 
tensive phosphate level in the south of the central region of Ten- 
nessee, chiefly in Vount Pleasant County, in the districts of Maury 
and Perry, was discovered. The bed is found Iwlow the Devonian 
schists of Chattanooga. The phosphate oceura midci' two different 
forms; in the upper part, that is to aay, immediately below the 
greyish-bhe shales of Ilarpctli, phosphatic nodules are found, 
then comes a bed of black schists termed Chattanooga, and finally 
ft uniiorm bed of about 1 metre iu thickness of rock phosphate 
resting directly on limeatone wliicli ends the formation. Samples 
of this rock phosphate from the hest-known parts gave the follow- 
ing average results (1 ). Levatt) 


TAm-F, XXVI, -ANALYSIS OF TENNESSEE HOOK f'lIOSEHATE. 


Phnsphtrifi acid 
Oxide of iron 
Insoluble matter 
Lime . 

Sulphur 

Caibouic acid, COj 
Moisture 


Ter m\L 
. 26-74 to :iMI4 
. 2'a2 „ (5-b2 

. 2'70„ 7-D« 

. 2«-60 „ 41-80 
. 0'00„ 4'(K) 

, 0-00 „ I'.tO 

. 0-20 „ Q-fiO 


Bmarh on t/w Actml Condition of the Phos'pJiate Industnj in 
Aw,rir,a . — In the Southern States of the Union, there is a manifest 
tendency to concentrate businessea into the same hands. Thus for 
the hard rocks of Florida, there were 70 declarations of exploita- 
tion in 1902, 60 in 1.903, 18 in 1904, 14 in 1905, and 16 in 
1906. On the exploitations declared in 1906, 10 were at work, 
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3 idle, and 3 in preparation. The tptal amount of rook phosphate 
marketed in 1906 was 2,000,957 long tons, of a value of 8,597,437 
dollars, against 1,947,19(1 long tons in 1905. The production of 
Florida alone reached 62'4 per cent of the total production of the 
United States. The exports of hard rock wore 565,953 long 
tons in 1906, against 595,491 long tons in 1905 ; they however exceed 
those of previous years. The exports of land pebbles to America 
and foreign ports, reached 482,232 long tons, against 385,915 
in 1905. Eivcr pebbles were not exported in the two last years. 
The South Carolina output has continually decreased since 1893. 
The production of Tennessee rose in 1906 to 598,668 long tons. 
Tennessee phosphate oeem'S it? three varieties, which aj'e the bine 
or black rock, the brown, and the white. The quantities marketed 
in 1906 consisted of 93 per cent brown, 6'5 of blue, and 0‘3 per 
cent of while. In the west part of Putnam County, a new deposit 
of blue rock phosphate has been discovered. This contained on an 
average 65 to 75 per cent of tricaloic phosphate and only 5 per cent 
of oxides of iron and alumina. Amongst the other phosphate 
prcxlucing states, during the years 1901 to 1906, there may lie 
mentioned North Carolina, Pennsylvania, Arkansas, and Idaho. 
But the prodiifttion of these states was very V^w, except Idaho. 
North Carolina produced 45 long tons in 1Q()8, Pennsylvania 100 
long tons in 1904. 

In Arkansas the production continually increases, though 
slowly. Idaho promises to become a big producer of phosphates. 
The bed, at a certain place, has a llilekness ol 85 leet ; the main bed 
is 5 to 6 feet thick, 

X. Aphioa , — Tunis and Algeria . — These two countries contain 
enormous deposits of phoaphktes. As far hack as 1873, Thomas- 
discovered the existence in the region south of the Tell, in the pro- 
vince of Algeria, of a Suesaonian formation, rich in phosphate of Ume. 
In 1886, the same geologist, after a scientific expedition, publiahed 
his first researches on the phosphate beds of the Regency. He had, 
more especially, examined the deposits in the neighbourhood of 
Gafsa, iri Tunis, showing their continuation through the South 
Algerian region. The phosphate of these regions is found at the 
bottom of the Eocene hi contact with the Cretaceous, from which it 
is separated unconforuiably by black muddy days of variable thick- 
ness saturated with chloride of sodium and gypsum, with the 
charactera of silex. These phosphate beds consist of alternations 
of marl and nodules of pboapbatic limestones, covered in the south 
of the Eegency by a bed of shelly limestone, which gives place to 
a thick fomialion of nummulitic limestone as it ascends to the 
north, The phosphate beds become at the same time more sandy 
and glauconitic. 

Mcbrly Phosphate in Nodules . — The phosphate of lime occurs in 
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nodulea, in the foliated and generally highly gypsiferous marls 
which altfirnate with limestone beds. Teeth and debris of aauriana 
and fish arc found therein. These marls arc unctuous and greasy 
to the touch, and contain as much as 7 to 8 per cent of oiganic 
matter still badly examined, but which neither dissolves in carbon 
disulphide nor in bend tie. These foliated marls often pass to a 
nodular stnicture. 'I'hey contain irregular layers of phosphatic 
nodules which occur iti various sizes and shapes, generally rounded 
or striated, covered with a shining brown crust of characteristic 
appearance. The large nodules which are tnSt with in these con- 
ditions, and which have the appearance of enormous coprolites, 
are on the ooatmy very poor. The phospb&te is entirely concen- 
trated in the shining surface crust, the interior is limestone. The 
small notlulea of identical appearance, on the other hand, have a 
content which may reach 70 per cert of trihasic. The phosphatic 
marls coutaiii besides their pliusphates, small interstratified crystals 
of gypsum, nodules of celestine, strontium sulphate, and alkaline 
salts. 

Phosphatic Limestones , — These phosphates alternate with the 
nodular marl. They occur as a gi'anular. rather friable rock, the 
colour of which vnries from a yellowish-gi’ey to a gi'eenish-brown. 
The quality most appreciated crushes easily between the fingers, 
and its density does not exceed 2 for the rock in situ. This rook is 
formed by the agglomeration into a more or less calcareous cement 
by many fine grains of all shapes ; some round, covered with a 
brown, brilliant crust, consist essentially of yellowish phosphate of 
lime, with an earthy fracture, or of fibrous appearance ; the others, 
grass green, of scaly texture or in very small masses, of a scori- 
aceous or corroded appearance, recall, by their aspect, certain 
glauGonite.s. There also occur very small grains of hyaline angular 
quartiz, and chemical analysis always shows in this rock an ap- 
preciable amount of free or liydnited gelatinous silica ; finally, it is 
also very rich in organic debris, such as coprolites, similar to those 
of the foliatet^ marls, teeth and fish bones, or of saurians, more 
or less disintegrated. When the calcareous clement predomin- 
ates in this rock, it becomes greyish, and much resembles the grey 
■chalk (calcareous tufa) of Ciply. These bands of phosphatic lime- 
stone are extensive, and oociupy a very variable position in the 
different deposits, but very constant in each of them. Their thick- 
ness varies from only ti few centimetres up to three metres and 
more, which they maintain without interruption over distances of 
•50 to 60 km. (western chain of Gafsa). The deiwslta may be 
divided into four maiu groups. 1. Those of the Tebessa district ; 
2. Those of the district of Retif; 3, Those of the Guelma district; 
4. Those of the Ain-Beida district. They contain 24 to 30’5 pet 
cent of phosphoric acid. 
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TABLE XX VII- COMPLETE ANALYSIS OP AN ALGEIUAN 
PHOSPHATE, 

Put ai»d. 

Moisture 5 03 

iiORfi im ignition (lesa 7'5 [ler cent OOg) , , 9‘26 

Phosphoric aoi3 30-38 

Calcium oxide . 19-53 

Sulphuric acid 2’0I 

Oxide of iron 0-32 

Oxide of alintiina fl-IT 

Migncsia I'Ol 

Potaah 0-15 

losolubie, etc 1-85 


100-01 

TABLE XXV HI. -ANALYSES OF TWO SAMPLES OF DJEBRL 
HOOKNIA PHOSPHATE IN THE NATORAL CONIJITION. 


I. II. 

Per <xni. Ter cent. 

Moisture 6'64 8-13 

Orgaiiio matter 1-24 (P52 

Silica 8-8D 5-96 

Phosphoric aoid iM'OS 27-01 

Equal to tri basic pliosph ate of lime . 54-49r .76-06 

Carbonic add . , ^ . , . 8-52 7-30 

Equal to carbonate of lime* .... 19-34 lG-57 

Total lime 46-12 45-40 

Magnesia 0-11 0-08 

Manganeee traces tmceK 

Fluor d-0 4-10 

Oalfliiim fthlnridc 8-22 8-4,3 

Oxide ol iron 0-98 (1-86 

Alumina 0-20 0-16 

On titc rlrii sample — — 

Pliospliatc of lime 58 '30 64-05 


SI. Aai A, —Phosphate of lime deposits have also been dis- 
covered in Egypt, but their percents, ge of phosphate of lime does 
not exceed 50 per cent.' It has also hecn found in Palestine, to the 
west of the Jordan, near to the route followed by the caravans going 
from Damascus in Arabia, and, testing 80 per cent of phosphate of 
lime, with 1 per cent of iron and alumina, and testing JO per cent 
of calcmm fluoride. These deposits are not yet exploited com- 
mercialJy. 

Xir, Phosphates of Oceania,— There is found in certain isles 
and on the coast of the Pacific Ocean considerable deposits of phos- 
phatie material, bike Pemvian guano, which will be dealt with iu 
the sequel, they are of animal origin, but they differ essentially from 
Peruvian guano by the almost complete absence of nitrogen, which 
they have lost either by decompoBition or under the influenoe of 
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climatic eouditions iri which they are found in the deposits, or by 
being carried away in its train by rain water. All phospho guanos 
resemble each other in their composition . They consist mainly of 
phosphate of lime, the content of which vaiies between 65 and 80 
per cent and about 12 per cent of water. They moreover contain 
from 1 to 13 per cent of carbonate of lime coming from the coraf 
limestone which serves to them as substratum, and about 1 per cent 
of nitrogen yielded by the organic matters which imparts bo them 
a colour varying from yellow to dark brown. Finally, small 
amounts of oxide of iron and alumina, calcium fluoride, and atialo- 
gous bodies, the presence of which, as will be seen further on, is 
calculated to interfere with the dissolving of the phusplutes, 

Phosphn Guanos were formerly tlie most highly esteemed raw 
material of the manufacture of superphosphates and the most 
easily presoiwed. Uufoi-tuuately, the greater part of the deposits 
are partially exhausted, and those which still exist are not wrought, 
owing to the fall in price and the scarcity of labour, Phospho 
guanos dilTei' much from each other in their appearance, their form, 
and their colour. They are met with, most often, in a puh'eruleirb 
state, mixed with lumps, easy U) crush between the fingers. They 
sometimes consist of masses, amalgamated with coral debris, soiiie- 
times as crusts, or again in masses as hard as stone. The chief 
deposits of these phosphates arc met with in a great number of 
small islands in the West Indies and the Pacific Ocean, and also 
in the Bay of Vlejillones on the West Coast of South America. 

rapid description indicating their characteristics will now be 
given. 

I. West India Redoiida Isles, Sombrero, Navassa, 

Araba, Oura^iio, Los Eoques, Alta Vela, Eata. 

TI. Islands of ihe Paoific Ocean. — Baker, .Jarvis, Malden, 
Fanning, Starhuek, Howland, Phoenix, Ridney, Enderbury, Minerva, 
Aves, Laecpdde, Flint, Browse (? Brown), Fluon, Chesterfield, 
Abrolhos, Mona, Cayman, Clippeidon, Nauru, Angaur, and Makatea 
Isles, etc. . 

West India Mamis.—l. Redonda Piwsphate . — This phosphate, 
like that of Alta Vela, does not cuntaiti phosphate of lime, but 
hydrated phosphate of alumina and phosphate of iron. It is thus 
unfit for making superphosphate, It is yellow in colour, more or 
less dark with black points. Its composition is as follows : — 

TATSLE XXIX.— AMALY8BS OP EEDONDA PHOSPHATE. 

Voelcker. Tnfe. 

Per c&iii. Per vent. 

Water ........ ^4-20 21-50 

Phosphoric acid ■‘W'52 

Oxide of iron and alumina . . ■- SS-iJil i)2'5l) 

Insoluble 1-% K-oO 
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2. (Som&rerf) Phosphate.— Tvro sorts are to be dittercntiatod : 
oae of oolitic structure and variegated in colour, which contains 
besides tribasic phosphate of lime, phosphate of magnesift, phos- 
phate of iron, phosphate of alumina, silica, and alumina ; the other 
has a more homogeneous structure, a white nr yellowish colour, is 
rich in phosphoric acid and contains in addition carbonate and 
sulphate of lime. This deposit was known in 1814, but it was only 
in IHdB that it was hegim to be worked, and since then there haa 
been drawn from it during long year’s excellent phosphate of lime, 
contanTiing 75 to 80 per cent of Ca^P^Oj,, 10 per cent of carbonate of 
lime, and 2 per cent of oxides of iron and alumina. Rut for the 
quality of the product since it began to be extracted below the sea- 
level, Voeloker gives the following analy’sis - 


TABLE XXX.-AN\LYS1S OF SOMDIIEBO PHOFiPHATK. (YOELCKEK.) 


Water . 
Phosphoi'ie iiein 
Lime . 

Oxide of ii Ki 
Alumina 
MagneBla . 
Suiphuiio aoid 
Cwbeuia .aeal 
Finn ri Ilf! 


Pit mit. 
a-'Jd 
35-,^2 
47-09 
3-70 
7-5f) 
»0'o« 


0-96 

0-43 


3. Navassa- Phosphate— The isle of Navassa is of coral origin, 
with escarpments in some places, anil beaten by the waves in 
others. Phosphate was worked here as far liack as 1856, but it 
was soon seen that it was rich in oxides of iron and alumina, and 
was abandoned. It i.s mostly granular, or in the form of grains, 
the siiie of which varies frojii tliat of a pin -head to that of the fist, 
and which arc often agglomerated into big lumps of almost pure 
phosphate of lime. Its compositioti is the following according to 
Bretechneider (I) and Gilbert (II) : — 


TABLE XXX. (a)- ANALYSES OF NAVASSA PHOSPHATE. 



1. 

11. 


Per cent. 

/’cr cent. 

Wat3r 

. - 5-7:t 

SOI 

Conibiued walei' urd organic mattei' 

, '• 4-93 

7-17 

Pbosphoriti adiil 

, 31’()9 

33-28 

Iiimo .... 

, .38 00 

40’19 

Oxide of iron 

4-23 1 


Alumina . . , . . , 

8-81 ( 

11-07 

Sulphuric acid and Huorine , 

MO 


Oirbonic acid 

2-40 

2 -ir> 

Insoluble 

3-o:i 

3 -53 


4. Aruba PhospJiak.~-T\m phosphate oeenrs as yellowish stones 
traversed sometimes by dark-<!olo tired veins and spots, It contains 
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about 30 pftr cent of phosphorits aoi^, und 6 per cent of oxide of 
irou and alumina. 

6. Alia Velii Phosphate . — This phosphate has a composition 
analogous to that of Kedonda phosphate, the following analysis 
^ows : — 

TAPLE XXXI.-ANAri¥SIS OE ALTA VELA niOSPlIATE, 

Per cent. 


Phosphoric ivoi<l a7'W) 

Oxide oi icon 24 '00 

A'limina l.VOO 

Lima 1-0(5 

Sj?qmoiide of CDi’omium 0'7i> 


6. 2?ata or Permndo iVoroiyo PAosp/iaic.--Tbis phosphate occurs 
as -a hue powder ; it also is very rich in oxides of iron and alumina, 
and thus unfit for superphosphate manufacture. It contains about 
26 per cent of phosphoric acid and up to 20 per tent of oxides of 
iron and alumina. 

7. /WobIc's Island (Caribbean Sea) PJiospho Cmna. — This phos- 
phate contains 42 per cent of phosphoric acid and only 40 per cent 
of lime. It ^ousists therefore partially of monacid phosphate. Its 
analysis gavp the Allowing results ; — 

TABLE XXXIL- - ANALYSIS OF MONK'S ISLAND PHOSPHATE. 

Nitmgenou*; organ ia mH.ttci' s.nd rombinBd water 

Snlphate o! lime 

Phosphate ol lime an 1 raagnesia . 

Alkaline salts 

Carbonate ol lime 

Carbonate of magueeia .... 

Insoluble silicioua rcMilue .... 

KKi'dO 

The surface of this deposit, which is as haid as a rock, baa not the 
iiiaine composition as the centre. Tfius tlie bed ha.ving been care- 
fully analyzed, yielded 70 per cent of phosphate of linie on the 
' surface, 74 per cent in the centre, and 75 per cent in the lower part, 
d. Ghrisinm Island Plwsphv Guano (Indian Ocean). — Christ- 
mas Island, to the south of Java, bclougsto the Straits Settlements, 
The phosphate deposit discovered there a few years ago is wrought 
by a British Company, The Christmas Island Phosphate Co. Tjtd, 
The total bulk of this deposit is estimated at 250,ri()d tons, with 
a percentage of 60 to 90 of phosphate of lime, Tlie samples re- 
ceived in Europe tester! 85 per cent of phosphate of lime with 1'5 
per ceut of sesquioxides ; rendered soluble by sulphuric acid at 53° 
B., yielded about 20 per cent of phosphoric, of which 0'5 per ce,nt 
was insoluble in water, and 4 per cent of free acid, which is 
little. This phosphate is vei^ hard, but easy to crush when it is 


iV)' ceiil, 

7-(i0 

TO-00 

1- 8H 

I 10-20 

2- 00 
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dry, or dried, wliicli is indispensable, as it eontains 5 per cent of 
moisture. 

Pacific Ocean fi'fe.5.— There are a series of coral isles in the 
Pacific Ocean, in the ucighbourliood of the equator, deprived of all 
vegetation, which have hardly attracted attention. A sample was 
brought in 1853 to America of a non-nitrogenoua guano, collected 
in one of these islands, Baker Island. Soon afterwards it was fonnd 
that the other isles of the same group were equally rich in guano, 
via. Howland, Malden, Jarvis, Starbuck, Enderbury, a,nd finally 
the Pheenix Isles, a little further west. As Baker Isle, now for 
the most part exhausted, yielded the best guano, the typical guano 
of the isles of the group, a short description of it is now given. 

Baker Tnland Guano . — Baker Island is situated at 0'14 of north 
latitude and 17fi'22^ degrees of longitude west of Glreenwich; 
1750 metres (say 1 mile) long its width is 1100 metres, and its 
height above the level of the sea is about 8 metres (26 feet). The 
chain of coral rocks which surround it, is dry over a surface of 160' 
metres. On this chain i.s a height of stones, corals and shells, 
which surround the actual guano 'deposit.-' The vegetation of the 
isle only comprises rare species. The bed of guano is I'd cm. (6 in.) 
thick on the shore, and 1'60 metres, say 5^ feet, the centre. Its 
surface is plane, and it occupies a surface of G2-5 hectares, say 156^ 
acres, The guano isle-s are the refuge of sea fowl, which come 
there to make their nests and sit on their eggs. Their excrements, 
the food which they bring there (fish and other marine animals), 
and finally their dead bodies give birth to gua.no which is, therefore, 
constantly in course of formation. Looking to its formation, this, 
guano, like that of Peru, to be described further on, should he very 
rich in nitrogen, but it is not so. Although rain is genei-ally 
a rare phenomenon in these tracts, yet the guano is constantly 
washed by the waves, which are continually broken against the 
coral chain which fringes the islands. To that has to be added the 
heat of the day, which is very intense. It follows that the nitrogen- 
ous matters arc rapidly decomposed, producing amme-nia and nitric 
acid ; the first is carried away by the wind, the second is converted 
into nitrate of soda, which is lost in the depths of the ocean. All 
the Pacific guanos are met with as a fine pale or dark brown 
powder acxiording to their percentage of moisture. The brown 
powder is mixed with larger white granules, consisting in great 
parts of phosphate of ammonia and magnesia.^ According to an 
analysis of Liebig, Baker guano contains : — 

' The Pacific lalea are all protected on the eiflps of the prevailing wind b by 
a chain of c ual agai ust wbioh the sea waves are brahen up. 

®Itfnllow« from rcBcarobcs made since, that the inaguwiuin phosphate in 
the guano is nut tribasic but monacid; only traces of eacb'onate of lime were 
found therein. The oompositioa of the guano is slightly modified since it faaa 



PEINCIPAL PEOMATE DRPOBITS, 


43 


TABLE XXXIII.-ANALYSIS OF BAKER ISLAND GUANO. 

Per cetU. 


Tnb»Ric phasplmte nf lime 7H-7',I 

Tribasio phosphate of magnesia .... 

Iron phosphate 0’]‘i 

Snlplktb of lime 0‘lh 

Alkalies ()'85 

Chlorine . • (PlH 

Aimnonia ■ li’07 

Nitrin ftoid (>’45 

Water, saml, etii. , . , L3-34 


lOO-CO 

Baker Island was the first island in the Pacifie Ocean in which 
guano was discovered and exploited. It is not, therefore, astonish- 
ing that the deposit is partially exhausted. 

Other isles in the Paeifip, Oeean contain vast quantities of 
phospLo guano, absolutely aimilai in composition to that of Baker 
Island. But the greater part of these deposits arc only of historical 
value seeing that, if they are not exhausted, their output is insuffici- 
ent. Thus the deposits of Baker Island, LacepAde, Malton, and 
Pelsait, would appear to be far from exhausted, and still to contain 
enormous quantities of guano. But the greater number of the 
islands are abandoned, because the eost of working anri freights 
are too high for the selling price of the guano, which at the present 
time cannot compete with mineral phosphate, 

Jarvii Gymio is a. mixture of powder, hard plates, and some- 
what triable stratified fragments. The plates have a porcelain char- 
aeter sometimes semi-milky, already found in analogous guanos. 
Perfectly dried in an oven at 100^* C. (212° P.) these fragments pre- 
serve their appearance. By detaching the sWagmites, whicli 
cover the plates, it has been found that they owe their semi-trans- 
parent appearance to the hydration of the phosphate of lime, 
evidently, precipitated in a voiy alow nianiiev. The phosphate so 
hydrated caniiolA in fact, lose its water, except at a red heat, and 
'the hard Jarvis plates still contain 11 or 12 per cent, which 
analysts have often confounded with organic matter, when they 
have ignited the manure after simple drying in the oven. This 
physical state of the phospliate of lime may be understood by going 
back to the plieuomeua which have sucoe-ssivelyled to the evapora- 
tion of the nitrogenous substances in the guano. Such phenomena 
cause the partial solution of the phosphate of lime, then later on, 

beenwiQuglit in nn intensive manner. Bome per cents of carbonate of lime 
arc alwaya found in it, and only 75 per cent of tribaeic phospliate of lime. The 
above analysis may also apply to all analyses of this class, from the point where 
they do not coatain large amounts of gypsmn, sand, and analogous inipuritice, 
as oertain guanos from Jarvis Island. 
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its slow precipitation hy the ammonia liberated, hcnoo the ex- 
planation of the stalagmites and the hydration so conducive to 
the solubility ol the manure in the soil. 

TABLE XXXIV.- ANALYSIS OF JARVIS i GUANO. 

i'hosphate ol lime JCbO.PjO, - 17‘at)7i 

2CaO,P,Pg= L(5-02(i] 

I’hoRphate of mn^neRia 
PlioapLute of iron .... 

Sulphate of HtTU' . . ... 

Sulphiu'io aoid, potash, chi on tie t 
Organic matter and U'ater J 

lfl()-‘A59 

The following ai’e some analyses of phospho guanos by Er. H, 
Gilbert 


Per cent . 
33-423 
1-241 
0-160 
44-64!) 
20 880 


T.IBI.F XXXV. -ANALYSES OF FANNING ISLAND GUANO. 


Pff cent. 


Water ... 8-0 

Oar boil i« acid . , 1’3U 

Sulphuric acid . . 0-1!) 

Phosphui’ic acid . 34-16 

Inme . . . 42-84 

Maf^ueBla . . . n-!>1 

FlKOrine . . DOl 

Organic matter 12-32 

100-43 

Deduct oxj'geu equal 

to the fliinrinfi . 0-43 


100-0(1 

TABLE XXXVI.— ANA[.\.SES 


Water . . . 8-00 

Carbonate of lime , 2-97 

Sulphate of lime 0-32 

Tvi baKic phospfiate of 

limb . . . 73-00 

Tvi hiisifl phosphate of 

luagaesia . . 1'33 

CidcLum fluoride . 2-06 

Organic matter . 13-32 


1 101-00 

100 ill original. 

OF BHOWN ISLAND GUANO. 


Per cent. 


Water , . . 13 -0) 

Oarbonio acid . . 1-48 

Sulphuric acid . , 101 

Flmaphoric acid . 31- 40 

Lime . . . 39-04 

Magnesia . . . 0-21 

Oxide of iron , . 0-32 

Soda . , ■ . 0-06 

Ctitoriiu' . . , 0-08 

Fluorine . , . 0-34 

Organic matter . 10-,10 


100-14 

0-14 


i or Per cent. 

Water . . . 15-00 

I Oarbunate of lime . 3-36 

j Sulpiiate of lime ^ . 1-72 

I Tribaftio phoaphate of 

I lime . . . 68-00 

j TrilsiKio phoa pirate of 

1 msgnefiia , . 0-46 

I Oxide of lion , . 0-82 

\ Sodium ehloride , 0-14 

I Calcium fluoride . 0-70 

! Orgaiiic matter . 10-30 

I 100-im 


Deduct oxygen equal 
k) fluorine . 


100-00 
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XABI.R XXX'Vn,-ANAl;Y8RS OF LACEP^lDE ISLAND GUANO. 


Water . 
Carbonic acid . 
Sulphuric acid. 
Phosphoric acid 
Urns 

Magnesia . 
Oxide of iron , 
Sodium . 
Chlorine . 
Fluorine . 
Organic matter 


F<iy coni, j or Per cenC 

12'40 Water . . . 12-4f) 

0>8(i 1 Carhonate o! lime . I'Bfi 

0-10 ! Sulphate of lime D-17 

33-64 ! Tribasie phosphate of 

46'80 j lime . 71-04 

0-33 j Tcibaaia phosphate nt 

0-75 j magnesia , . 2-03 

0-06 1 Oxide ol iron . . 0-75 

1 10 I Sodium, chloride . 0-16 

0-77 : Calcium fluoride . 1‘58 

}h5)2 j Organic matter . , 3-32 

100-83 ! lOO-OO 

ti-HR ' 


KKI-nO 


2iIijillones Gmw.- Tliiy gnauo, so appreciateri foi merly, is now 
only of historical interest. From the rocky coast, for a length of 
almost twenty- five miles, which Polivia has conquered from Peru 
and Chill, there starts a promontory about ten miles long which 
juts into the sea tor a length of three miles, under the tropic 
of Caprinorn, the rocks of which form a shade to the Bay of Morena 
on the south, and to the Bay of Mejillones on the north. This 
latter hay, well-sheltered from wind and wave by the point of 
Leading Bluff I^euinsiila, fni ms an excellent harbour, into which 
the ships come to load giiano. Tlie country, moreover, is almoet 
unhealthy, The complete absence of vain, the fi-eqnem-.y of violent 
winds and dense fogs, which last for ten hom a, followed by a torrid 
heat under a brazen sky, a rocky, sandy soil void of all vegetation, 
and above all, the want of potable water:, renders a sojouvn in these 
tracts exceedingly trying, The inhabitants of the capital— the 
number of whl^ was formerly very small, and has not increased 
by the working of the guano - are revictualled by the Pacific- 
steamers, which call- there and pussees eoaUiig-stAtions. Water la 
got by distilling sea water. The rocky peninsula, oi an avej«,ge 
height of 360 to 400 metres, looks like, a sandy plain, only its. 
promoutory .which protects the bay is more elevated, for it rises to 
1(10 metros (5640 feet) to the west of the town ; to the north of this 
hill is the culminating point of the promontory, called Movvo de 
Mejillones, of a height of 866 metres (2730 ft.). On the slope of this 
mountain, on the Ite-y side, is the guano deposit. It is reached by 
a long road from the town, winding round the mountain. The 
principal deposit is found about 560 metres (1836 feet) above sea- 
level on the flank of the mountain ; in several points it is 14 metres, 
say 46 feet thick. The published infomnation on the extent of these 
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deposits differ coiisideraU)' ; ofllcia] data speak of 3,000,000 to 
4,000,000 tons, other information represent the sityation under 
a less alluring aspect, and assert that the reserves are almost ex- 
hausted, A road has hccn built, with great diHiculty, across the 
mountain to connect the deposit with the loading quay. At a mile 
IroiD the works the road divides into two — the one at a very rapid 
incline leads to the harbour, whilst tire other leads to a tent con- 
structed on the edge of the plateau where the guano, which is lifted 
there in sacks, is run into a shoot of 233 metres deep, which diverts 
into a warehouse situated in the port, In the centre of the port dwell 
the workmeu, the ovei-seers, the exporters, and the state govern- 
ment employees. The latter weigh the guano, which is then con- 
veyed in trucks on rails to the other extremity of the harbour, and 
discharged into ships. Tho formation of Mejillones guano is 
analogous to that of Baker guano. As the climate here also is 
very diy, the absence of nitrogen can only supervene from the 
possible contact of sea water. The volcanic nature of these 
countries being granted, the periodical upheavals and sinkings of 
the ground are known historical facts, and it is known that on 
these uccasiona violent high waves are frequent. 

Gfiano, like Baker guano, is a brown powder mixed 
with more, or less large friable lumps, consisting in part of phos- 
phate of ammonia and magnesia. In the early days, this guano 
was frequently raked with granite chips, from^ tho rocky bed on 
which the deposits lie. But afterwards the importers installed 
crushers and driers, which have enabled them to eliminate the 
stone, s and to dispatch the guano as a uniform powder. Antongst 
the numerous analyses published, that by Presenius and Neubauer 
is reproduced here. These chemists found in the sample dried at 
100 the following renuUs : — 


TART/R XX.XVITI.-AMAL7fiIS OF MB-IILriONES GUANO. 


Tiiba^LB phosphate ol liuie 
Monscid „ „ , 

Sulphate of lime , , 

Curb Dili D a oil! . 
Ph()B|ih(i(,c of iron, oln. 
Wfttcr ftnd cirgiinio mutter 
Ammonia, oxide 
Sulphate of magnesia 
Nitrate of magnesia . 
Common (alt . 


. 60'564 ) with 38'404 

, 17 '960 f total P, 0 s 

, i'OOfl 
. 2-0,'52 

, 0'072 

. JbOfil > togathffr 

, b-tll8 i 0-729 N 

. ] -sas 

. 0'034 

. b -739 


Dr, Gilbert gives the following analysis 
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TA.BLE XXXIX.— ANALYSIS OF MEJILLONES GUANO. 


CftThonite of lime 0‘i2 

Sulphate of lime 3 >20 

Phosphate of Umo basic 33'64 

Phosphate of Ihmc moiitiCLil 20’44 

Phosphate ot miifruesia oionacid .... ID’SO 

Oxide of iroa a ul alauiina 1-35 

Silica 0’89 

Sodium chloride 7’S'2 

Organic matter . 7 •21) 


100-00 

As will bo seen from these aualysea, about oae-fourlih of the 
phosphoric acid ia combined with magnesia. And if the phosphate of 
magnesia is in itself more aolnble than phosphate of lime, it 
is 80 to a still greater extent in the ease of m on acid phosphate of 
magnesia.' 

GLipp&fton island Guano . — The discovery of guano deposits in 
Olippertou Island is more recent. This island is situated iu the 
open sea off the coast of Brazil. The coral chain surrounds a fresh- 
water late in mid ocean and has sewed as a refuge to sea birds 
for tbonsands of years. Whilst the iiitiogcn of the excrcniont was 
carried away by rain water the phosphoric acid combined with the 
lime of the coral. The whole of the isle is covered with phosphate 
to a depth of six feet. The average analyses of tliiiteen samples 
taken in different sections, has given 8d to 88 per cent of trihasic 
phosphate and 0 03 of oxide of iron and alumina. In the dry state 
the phaspho guano is a yellowish sandy powder. Dr. Gilbert gives 
the following analysis : — 

TAILE XL,_ANALY8I8 Ob' CLIPPKli.'i'ON ISLAM) GUANO. 

per cent. 


Water if ’SO 

Trihasic phosphate oJ lime 7))'C)'.) 

ThospiAifei of magnesia O’o-I 

Cai byuu.te ot lime . . . . . • 

Qiiiitklimu 

Suliihtite of lime 1878 

.S'odinumliJuride 181 5 

SiO^ <81f8 

Orginic mafkr 

Oxide of iron and alumina . . . , . 0 04 

Undetermined 1'91 


100-00 


' The translator diaseats ; no super phosphate made from matcriai con- 
taining organic matter to the extent to ■whinh phospho guano does, approaches 
a bone ash superphosphate in thi a respect. For whileness free from a yellow 
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The points of the Chipaim Coast, Pabellon (la Pira, Puata d& 
Lohos, Huanillos, the Ballestas lales, Gii^nape, Macabi, Lobos de- 
Afuera, etc., contain considerable deposits. 

Nauru Cwarw.-^Nauru Isle, attached tp the German protectorate 
of the iMarflhalJ ielee, is in 0'26 of S. latitude and 166 “5 5" of E. 
lonjptnde. Whilst the atolls of the Pacific scarcely rise 3 metres. 
(10 feet) above high water, the Isle of Naum rises about 75 metres, 
with an area of 2000 hectares (5000 acres), A bank of coral chains 
60 to 90 metres wide (195 '6 to 295 ‘2 feet) go right round the island. 
To that succeeds a flat zone 100 metres wide covered with coconut 
trees ; behind rises a rocky region, which consists of a mass of phos- 
phate of great richness. No one knows the depth of this deposit, 
hut the beds known are so extensive that their working may last for 
several generations. The ijualily of this phosphate would appear 
to he superior to that of all the phosphates known up to now, both 
!i8 regards the richness and regularity of the phosphoric acid 
conteiit, 86 to 87 per cent Ca^P^g, as well as the small proportion of 
oxide of iron anti alumins,. 

A good part of the exports of Nauru phosphate goes to countries 
washed by the waves of the Pacific, Japan, Australia, New Zealand, 
and Honolulu, but France, Belgium, Great Britain, Sweden, Nor- 
way, Russia, and especially Germany likewise import large quantities. 

Angaur Island Pimpliak . — The deposits of Angaur Island 
phosphate comprise about 2,500,000 tens which may be extracted 
hr the open air. Four-fifths of the deposit consist of a phosphate 
with a content of 80 per cent of trilasic phosphate of lime. Work- 
ing reserved for thirty- five years to a Geniian eoujpauy with a 
capital of 4,500,000 marks, say £225,000. 

Makatm Isle Phosphatic Deposits — There has been discovered 
in the island of Makatea deposits of phosphate containing according 
to the analyses made from 60 to 85 per cent and even 90 per cent 
of pure phosphate of lime. Makatea Island belongs to the Pau- 
motou Archipelago, and lies 120 miles to the north of Tahiti, It is 
4| miles long and i| miles wide, Its formation differs from all 
the other islands of the Pauniotou group, in that it has no lagoon, 
and rises up to 230 feet, whilst the otlier islands are simple chains 
of an average height of 8 feet above sea-level. Phosphate has been 
found in several of these atolls, especially in Lliatof Niau. Guane lias 
also been found in Pnka,- Puka in the extreme north-west of the group. 

The deposits ot Makatea are valued at 30,000,000 tons and 
will be exploited by a French company, 

cast it is only excRlleii by apatite. As to Mcj ill ones g;uano, witli 7 per cent 
of organic matter, it yields a superphosphate the colour of peat— it pasees 
into lignite— and the farmer does not like suoh a colour even in a compound 
manure far lees in a enperphospbalc. So dark i« this colour that it can only 
be need sparingly even in compound manurea where the raw inaterialu are eent 
upthecupe and not dry mixed.— Tn. 
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Disirihutton of P/mphiiks m tJu Difemit Geological Foma- 
ticfts.— -On fiTcfiminmg the Rubjftct fitim a geological point of view, 
phosphoric acid, or phosphoric acid and nitrogen, is found in the. 
following formations ; — 

1. Gtiem Epochi as apatite in Sweden, in Finland, in Norway, 
in the mountains of the east coast oi North and Smith America. 

n. Palmzoie {or Prinmp) Epoch. — 1. iSt'fdf iatt Fcycviaiion . — 
As phosphorites in Spain and in the south of Bussia. 2. De- 
vottian Forffiation.— As phosphorites in (jermany, il. Carltonfer-- 
ons Formwlion. — As Blacklxmii in Great Britain and Germany. 

in. Mesozokor Sccoiidari/ Bpof/n — 1. Tnas Formation.—As 
Bone Bed and foasi! bones in filrtgland, Germany, and Switi’ierland. 
2. Xwrasne. ForKalim. — As coprolites in Germany and England. 
(Awis,)~As phosphatic nodules in Fiance and Germany, (Oitco- 
iit/iM.) — As phosphorite in French iurafisic marls, it. Vreiaceoya 
Formatter. —As coprolites in France, in England, in Germany, and 
in Holland. As phosphorite in Spain, in Belgium, in France, in 
Austria-Hungary and in Russia. 

Caimzoic or TirrtMry Epooli.^Komic, Poonatmyi.— As copro- 
lites in England and Gcmiany. As phosphates in France, Algeria, 
Tunis, the Garolinas, Tennessee and Florida, 

Qmtermnj and Hecenl Epoch, — 1. Asjonml bones. 

2. As phosphate lu the islands of Navassa, Eedoiula, BaUi, St, 
Martin, Curaijac, Testigos, Buenos Atees. 

3- As guano cnista in the islands of t^ta,rhuck, Flint, liombrero, 
Avalo, Los Roques. As phospho guano in the islands of Baker, 
Howland, Fanning, Jarvis, Malden, Mary, Enderhury, Phomix, 
Sydney, Vivorilla, Mona, George, Baza, Clipperton, Monk’s at 
Mejillones, in the islands of Leysan, French, Frigatte Shoal, at 
Bramble Cays, Shoal Bay, Shark's Bay, in the islands of Timor, 
Ashmore, Brown, Jones, Lac6pede, Ahiolhos, Huon, Birds, Kurian 
Murian, Swan, and at Algo, a Bay, 

4, As guano iu Peru, Chili, Pategonia. In the. islands of 
Galapagos, Bat, Ishabue, Damarakiid, and Saldanha Bay. 

fi. Bat guano on the MediteiTanean eoafitR, Egypt, Sardinia, 
G&licia, Porto Rico. 

It will be convenient to add to this classification, the substances, 
manufactured by industry, such as bone black (spent char), bone 
ash, artificial guano manul'actui'cd from the excrements and the 
dead bodies of animals, fishes, lobsters ; in addition to the pieeipi- 
tated phosphate of glue and gelatine factories, and finally the 
phosphates of basic slag, The following table prepared by Dr. M. 
Ellmaon contains the analyses of all phosphates known up to the 
present tima As this document ie absolutely unique in scientific 
literature it is given here at the risk even of repeating what has 
been said previously. 
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' 

13'30 

— 

0-57 

17-41 

— 

38-0 

^ . ' 


Urfi h Teiwhen- 










miKihor 


IfiO 


_ 

37:71 


82-33 



E. QnBsefeld 


1-14 

— 

1-18 

89-70 

0-40 

86-66 

_ 


Pr. Voigt 


0- 


0-25 

86-07 

0-06 

70-84 

0-72 


H. Gilbert 

1 

- 

- 

1-17 

41-34 

0-139 

90-24 

- 

- 

Vololter 

- 

9-56 

U 

- 

26*5 

- 

! 

- 

- 

Sohuoht 

1-96 

0-! 

L 1 


15'43 

4-40 

38-68 



A. Grimin 


- 1 


“ 

9-75 

1-24 

21-99 

14'02 


Anderson 
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19. S'eru. 

Gi!s;ie«9. 

Dlijjrui;!!. 


Per 

Oent. 

Per 

Cent. 

Per 

Orhd. 

Loboa de TifiriYi (leloj . 

82 W. 

6-5 S. 

Guano . 

23-79 

- 

18-91 

Lobufi de Afuem (Isle) . 

81 W. 

7S. 


19-60 

“ 

“• 

Maiiiiibi ,, (Isle) . 

B1 W. 

7-5 S 


30-33 

— 

— 

Giiariape „ (Tale) . 
Cliiueliati (Isle) 

79 W. 

8-5 S. 


26-88 

— 

— 

77 W. 

i;)-5 a. 



— 

10-99 

Bfilleataa (lale) 

76-5 W 

13-5 s. 


14-87 

— 

— 

IodepBnd(iiiDi& Bay 

76 W. 

14 S, 


13-22 


12-59 

20. Ckili. 







Pabellcm de Pica . 

70 W. 

21 a. 

Guano , 

1305 

— 

14-23 

Punta da Lobos , 1 

70 W. 

21 S. 


14-12 

— 

— 

Huanillos 

TOW, 

21-6 S. 

Pbosplio Kuany 

H-ia 

— 

— 

Mejillones . 

71 W, 

23 S, 

4-44 

— 

37-64 

Angamoa 

71 W, 

23 S. 

Guano . 

7-39 

64-81 

5-11 

Coioovado 

70 VV. 

43 N, 


18-10 


33-67 

I. Pacific Ocean. 

21. Sporadic Isles. 
Fanuiug (Isis) 

159 W, 

4S, , 

Pbospho guaao 

B-00 

12-39 

42-84 

Jarvis (Isiej . 

159-5 W. 

0-.5 S. 


12-113 

5-992 

.<14-83 

Malden (Isle) 

155 W, 

4B, 


4-78 

5-18 

46-229 

Starbuck [Islo) 

156 W, 

5-5 S. 

Guano in orusts 

10-01 

1 

44-96 

22. P/u/mi.i: Group o/ Was, 

Maiy (Me) 

171-6 W. 

2-75 S, 

Phospho guano 

5-63 


44-40 

Enderbury (Isle) . 

171 W. 

3S, 


8-76 

8-81 

40-76 

PhcEnii (isle) 

170-45 W, 

3-5 S, 


4-93 

8-66 

4d-Hl 

Sidney (Isle) . 

171-a W. 

4-5 S 

M 

7 -.38 

7-59 

42 96 

2a, Gilbert Groiq) ofJsks. 
Oeean(Isle) . . . 

1G9 E, 

1-6 S, 

Phosphate 

1-01 

2-7 

49-6 

24, Daker Isles 

176-25 W. 

0-13 S, 

Phospho guano 

3-945 

7-758 

43-:-l79 

Howland (Isle) 

177 W, 

0-5 S. 


5-34 

- 

44-43 

F. Australia and 
Australian Isles. 







25. Aiisfralf an. Oontine.nl. 
Shark's Bay . , , | 

114 E. 

26 S, 

Phospho guano 

15 

- 

- 
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JV'64 

5-58 
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— 

— 

'3 
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- 
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1-19 
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— 

12-23 
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— 

— 
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1-52 

0-:i9 
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- 

- 

- 
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0'20 
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5-70 
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13-30 

6-60 
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— 



0-ia 

rt-BT. 

0-90 

2-90 

31-72 
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09-24 
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A, Grimm 
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7-18 

19-28 
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l-i? 

15-H 
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34-10 
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- 

009 


0-SG8 

17-67 

0-647 

38-57 
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V. Liebig 


— 


— 

34-75 

— 

75-86 

S*29 

■ ^ 

Volcker 

“ 

“ 

“ 

“ 

40-12 

~ 

87-58 

“ 



m 

0'23 


29-26 ; 

0-54 

03-87 



A, Grimm 

— 


- 

— : 

28-74 1 

0-38 

02-74 

lC-50 1 

„ ' 

Voicker 

— 

0-23 


36’10 1 

0-63 ! 

70-80 

4-54 ' 

.... 1 


~ 

0 

" 

2’.:s 

1 

1 

1 

0-28 

75-13 

6-0 I 

0-82 ' 

H. Gllboi t 

H'19 

! 

0'42 

1 

38'73 1 

1 

84-65 

i 

1-91 j 

M> 

V. Grueber 

_ 

O'OtiT 

_ 

2-2((7 

40-.829 

1-85 

68-03 
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V, Liebig 

2-29 

«• 
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29-70 

0-58 
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Geographical Distribution of Phosphate of Lime and, 






Acalfsis. 

lorAlities. 

LfOngitude 

Lfttitiide. 

IJesijtnatiou. 





Greenwich. 











1 








26. Aiiairalian Isles. 

Iiegrees. 

De;o-eee. 


Per 

(Jeat. 

Per 

Oeot. 

Per 

Pent, 

Brown (lah) . 

123'S B. 

14 S, 

Phagpho guano 

15-00 

10-30 

39-94 

Jones (Tsie) , 

126 E. 

13 S. 


7-93 

10-92 

42-86 

Loccpcdcs {Isle} . 

122 B. 

17 S. 


6-78 

1051 

41-93 

Abrolhos (Isle) 

118 E. 

28 S. 


4-48 


43-20 

11 


— 


1010 

6-20 

— 

Huon (Isle) . 

163 E. 

18 S. 


9' 71 

19-90 

37-60 

Bird’s (Isle) . 

1S6 E. 

22 S. 


10-70 

9-70 



Bat (Isle) . 

lifi E. 

,S S. 

Guano . 

14-58 

- 

14-64 

0. Asia. 

27. Pakslmt. 







Country Bast of Jorduu 

65-5 E. 

32 N. 

Pliusphorite . 

- 

- 

- 

28. Arahia. 







Kaiiau Murian (Isle) . 

5GB. 

17-5 N. 

Phospho guano 

870 

9' SO 

- 

29. Mala,y Archipelago. 
Timor (Isle) . 

121-127 E. 

8-10 S. 

Phospho guano 

6-25 


40-33 

Cliriatmas (Isle) . 

106'.^ E. 

m.'i S. 

1 Phosphate 

3'05 

- 

- 

H. Africa. 







30. North Africa. 
Algeria .... 

3 E. 

37 N. 

Mineral phosphate 

2-39 


50-10 

Tebeaaa .... 

8 B. 

35'.5 N. 

1-97 



50-30 

ToqneYiUe . 

8E. 

36 N. 


0-77 





TuniR .... 

10 B. 

37 N. 


. 5-! 

95 

45-35 

Sfaot .... 

10'5 E. 

S4-a N. 




■ 



Gafsa .... 

9B. 

45’4 N. 

Phosphate 

9-6 

9-99 

4.5-12 

Egypt .... 

29 E. 

31 N. 

Bat guano 

17'19 

29-50 

“ 

31. South Africa, 







Damaraknd . 

14 E. 

22 S. 

Gtiano . 

,18-89 


12-42 

Ichaboa (Isle) 

15 E. 

36’6 S. 

II . . . 

17-97 

17-0 

■ 

Saldanha Bay 

18 E, 

33 S. 


' 17-04 


24-96 

Algca Bay . . . 

26 E, 

84 S. 

Phiospho guano 

20-25 

12-10 
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Maine oi Cliemlst 
■who made 
the AniLlyaie. 

“ill 

O'hJ 

1 

1 

•R 

1 

'111 

Hn, 0 

.5 

II 

Q'z 

Calcium 

Fluoride. 

Cant. 

2-38 

5-56 

F«i 

Cent. 

0'32 

0- 33 

1- Cl 

3-1 

1-6 

0-24 

0'4IJ 

Pot 

Cemt. 

0-64 

0 

7 

0-S7 

Cent. 

0'21 

(155 

0-97 

fr09 

Per 

Cejil. 

81 'iU 

34-23 

36-22 

33-67 

28-50 

7 '30 

Per 

0- 38 

1- 16 
1-24 
7-64 

Per 

Cent, 

68- 54 

74-70 

76-89 

69- 46 

70- 32 
G2-41 
23-16 
15-94 

Per 

Cent. 

4-25 

36-45 

6-97 

Per 

0-84 

Inorine 

traces 

2'67 

traces 

H. Gilbert 

A. Griinin 
Cliurson 

A. Grimm 

H. Gilbert 
Clievroa 
Anderson 
Volcker 


0'&4 

Cl'48 

traces 

38' 24 

- 

83-68 


9-8 

Kiachncr 

- 


- 

.... 

26-24 

1-37 

67-30 



Hueon 

3-4t) 

!■ 

(1-71 

48 

1-22 

0'26 

31-U 

39-18 

0-82 

67-98 

83-53 

6-23 

4-82 

3'(4 

A. Grimm 

H. Gilbert 

14-00 

2-76 

0 

0 

0 

C'81 

1-2 

1 

■53 

■56 

'98 

1 0-62 

1 0'6 
,•66 

0'50 

0'81 

0-fi 

0'5 

30-44 

28-16 

26-82 

27-25 

27-2 

27-23 

11-81 

66-46 

GL-47 

57-46 

59-48 

59-0 

59-44 

20-19 

22-80 

11-62 

14-0 

11-95 

1 1 1 1 1 1 1 

A. Grimm 

A. Better 

Bchuohfc 

? 

Sohaoht 

Volclter 

1 1 1 1 . 


2'27 

O'OT 

13-40 

11-19 

24-52 

668 

8-8H 

1-41 

0-48 

29-25 
24-44 
55-40 
; 14-60 

- 

j 1 1 1 

A. Grimm 
Anderson 

H. Gilbert 
Gronyen 



CHAPTEE III. 


DRYING AND ENRICHMEN'r OF PHOSPHATE h>. 

Drying. — Phosphates, lor all usca to which they may he pot, must 
lie dried and finely ground. When the phosphates are massive 
(rock phosphate) ov in lumps, they mav he completely dried in 
summer by storage in a wamhouse with vents in the side ; in wintei', 
drying is finished in a drying machine. Fonnerly phosphates 
were calcined to increase the percentage of phosphorio acid and 
facilitate grinding (p. Ho ei xeq.). Drying is indispensable in the ease 
of the sandy phosphates of Mens, Somme, and Cambresia. This 
operation is conducted in a naked fire drier, on cast-iron plates, about 
two-fifths of an inch thick, in contact with the flames of one or more 
furnaces, but protected from over -heating. The phosphate is spreiul 
on the drier, in layers of 4 to 5-^ inches thick, accord ing to the 
nature of the phosphate. The drying reduces this thickness about 
one- third. An operation is finished in 5 hours over the Hues above 
the flames; in H hours on the flues, forming the first circuit of the 
flames; and in 10 to 12 hours on the flues, forming the second 
and the third circuit. A drier of 200 square metres (820 square 
feet) may yield 35 to 40 tons of dry phosphate per day of 24 
hours. The consumption of coal is about 2 cwt. per ton of sand 
obtained. The sands, so dried, pass into cylindrical sifting ma- 
chines, with polygonal section like those of can onlinary mill covered 
■with wire gauze Nos, 70, 80, 00, 100, 110, and fitted with Iwsketa 
inside, in which to collect the larger fragments, The dry sand 
passes succe-ssively througli the diffcieut mesh sieves, commono- 
ing -with the larger sizes. The exit of the products is thus re- 
gulated in a uniform manner over Iho whole length of the ap- 
paratus. The residues on the sieves are crushed in flat stone mills 
revolving at a speed of 100 turns a minute. Each pair of stones 
absorbs 6 to 7 H.P. The sifted phosphate is gencraUy 7 to 8 per 
cent richer in tribaeic phosphate than the ground phosphate ; the 
whole is mixed so as only to have one average quality of the ap- 
pearance of finely ground pepper. When the phosphate is in 
nodules, as in Auxois, they must be crushed or cracked before 
grinding. The crushers and cracking uiachiucs, used in tlio Meuse 
and A^ftnnefl, consist of two cast-iron cylinders, studded with 
(60) 
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piojeoting teeth in the form of pyratnidal trunks, which imituftlly 
ji-itersect each other. At other times the crusher consists of n. 
f^rooved mobile blade which crushes the phosphate against a fixed 
plate (see Fig. 12 and context). Where the nodules to be crushed 
ate not quite dry, the working of the mills produces steam, which 
finds vent through wooden pipes fitted either to the boxes which 
collect the ground phosphate, or to the mill covers. These pipes, 
acting as evaporators, end on the roof. The stciini carries with it 
entrained phosphate dust. Of late, nuv.hauical driers have been in- 
stalled for drying raw phosphates, 

Calcining the Before crushing the nodules, they were 

at first only dried in the sun, or on iron plates heated artificially. 
Lately they aie calcined in special fiirnaees to free them i5omplhlely 
from water and carbonic acid ; their weight per cubic metre is thus 
lowered from lOOCt kg, to %0 kg„ say from 20 evvt. to 19 cwt., 
and the percentage of phosphoric, acid is increased jir.i rala. These 
f'liniacefi are 4’a metres, about 14 feet 9 inches high, and aljout 20 
cubic metres in capacity, with a diameter of 2'65 metres, say b feet 
8 inches at the top, 1'8 metres, say 0 feet 11 inches at the base, 
and 3 metres, say 9 '84 feet in the centra. Their bottom consists of 
a busk formed by Wo incline I planes ending in two wide discharg- 
ing oiifices. The phosphate, rests on iroti bars, supportal at one of 
their ends l)y the inclined planes of the husk and at the other hy 
the horizontal metallic lintels ^vhi^■h loi m the ciown of the discharg- 
ing orifice. These hats form two grates at the bottom of each 
furnace, and they are used to legulati; at will the descent of the 
products. It suffices to draw one to let the calcined nodules fall 
through tlie opening. They can thus lie withdrawn at any point 
of their contact with the grate ; above each grate the side of the 
fuimec is pierced by an opening to inspect the progress of the 
operation, The furnacea are built of biicks or masonry ; they are 
filled, with nodules in layers of 4 inches thick which are separated 
by very thin layers of fuel, biiiall coke, or anthracite. A furnace of 
the above dimensions yhelds 4^ cubic metres of calcined phosphate 
in twenty-four hours. The matter thus remains in the apparatus five 
to six days. The roasting of a ton of nodules takes 1 cwt. of fuel 
costing about 5d, The nodules first go to a cinisher with smooth 
blades; they then pass by an elevator chain of cups to the top of 
the build,ing where they are dropped into an iron trough which 
feeds the mills underneath. Tlie ground phosphate passes auto- 
matically to an elevator which raises them to the level of the two 
sifting machines between which they are fed. From the sifting 
machine the substance falls into a wooden reservoir fitted with 
two bagging* up niaohiiies. Whilst in the Pas de Calais phosphates 
are always washed after simple hand sorting from the bulk of the 
ganguc, ill the Mouse and Ardennes they are now beginning 
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after dlsiut^ratioia by the pick and breaking up on. the spot — to 
screen them by throwing them on a trellis of iron wire called a 
WJfird, the square meshes of which are 8 to 20 mm., or a screen 
of iron bars 0 to 10 mm., say one- third to two-fifths inch apart, so as 
to free them from one- third or sometimes one-half of their impuritiess 
but at the same time small nodules and fragments broken off by 
shock are lost. This method is profitable when the nodules are not 
friable, and easily separated from their gangue. Screening is followed 
by washing with a current of water in meohanical washers, or in 
washers fitted with blades, or dry sorting known as fmage. The 
phosphate nodules occur near the outcrop of the Greensand at a 
shallow depth, and the sock of the plough often h)-ii-igs them to the 
surface. An estensiyc business is done in collecting them and 
selling them in bulk to the phosphate cleaners. Fanage consists in 
passing the raw material through a screen after^xposiire to the air, 
BO as to dry it completely and thus render the argil laoeous sands 
more easily separated from the nodules. The operation is repeated 
five or six times so as to get a satisfactory cleaning. Drying is facili- 
tated by spread irig the Tiodules in a thin layer on the ground and 
turning them like hay, and from that comes the name given to the 
process. Fanage only succeeds if the gangfie .lends itself to the 
process. The worf«fo.s fanh, poorer than washed nodules, contain 
10 to 15 per cotit of impurities. They arc exposed to rain to 
wash the impurities away as mud. Fanage is completed hy rapid 
washing. 

Svrting and Sale of Haw Phosphates. ~&m phosphates are 
gold by P.jOj con tent. They are bagged up into 5 grades each 
differing by 5 imits-50-55, 55-60, 60-65, 65-70, 70-75, 75-80 per 
cent. It is thus easy to supply any strength required. To control 
strength of wagon loads, buyer's and seller’s agents take counter scaled 
samples at statioo from eaoh wagon, four random samples from 25 to 
30 bags. One is tested by seller’s chemist, the other by the buyer’s. 
When there ia more than 2 per cent between the results, the third 
sample is analysed by a third oheniist and the average of the nearest 
takeu. The fourth sample is kept as a check. In case of ship- 
ment the goods are sampled in the wagons as they reach the harbour. 
Sampling is done either by the broker alone or by the broker in 
presence of the seller’a agent. 

Different Methods of Strengthemng and Utilmng Poor Quaiity 
— Numerous metliods have been suggested to utdiae 
the large quantities of low grade phosphates unfit for making super- 
phoaphates. These methods consist of (1) To fortify them in various 
ways; (2) To free them from the aesquioxides of iron and alumina, 
or (3) To increase their solubility or to extract from them their 
phosphoric acid. But none of these processes have been adopted 
in actual practice, because they are too costly and incompatible with 
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the preseut state of the mEinui'e trade, and they will continue to be 
ao a& long as high grade phosphates, with a low oiide of iron and 
alumina content, are available, which only require to be rendei-ed 
soluble to produce excellent aupeiphospbates. The following are 
the chicd patents taken out for this purpose 

1. IhiTnonceau md Nicolas {Prench patents Nos. 201 ,427 and 
201,461} seek to fortify low grade plioaphatca, consiating of phos- 
phate of lime and carbonate of lime, by the use of sulphur. The 
principle of the two methods is as follows: Phoaphatic chalk is 
calcined so as to obtain a mixture of phosphate of lime and quick- 
lime, which is mixed with water and sulphur in iron pans. The 
insoluble phosphate of lime is separated from the soluble sulphides 
formed. The strength is thus fortified 20 to 30 per cent, A 
current of carbonic acid is injected into the solution, and sulphur 
and sulphuretted hydrogen acparnted, the latter being converted 
into sulphur by sulphurous acid. 

2. Simpson replaces sulphur by sulphuretted hydrogen (German 
patent .^8,925), and after calcination of the raw phosphates, injects 
it into water, holding the phosphates in suspension, The calcium 
sulphides are afterwards treated by carbonic acid, or by sulphate 
of soda, to transfoHn them into gypsum and sulphurous compounds ; 
the latter treated by carbonic acid yield sulphuretted hydrogen 
and soda. 

3. Brnchm {French patent 215,577) extracts phosphates rich 
ill carbonate of lime by carbonic acid under pressure after crusliirig 
and stirring up with water. The liquid containing the acid carbon- 
ate of lime is separaterl from the insoluble phosphate and treated 
for the recovery of the carbonic acid, But carbonate of lime is 
only feebly soluble in carbonated water even underpressure (1 cubic 
metre of water only dissolves 3 kg. (or 100 gallons, 3 lb.) under 
a pressure of 4 atmospheres at 6* C.). The process is thus too costly. 

4. Winsin^CT, to prepare biealcic phnsphate free from oxide 
■of iron, completely soluble in citrate of ammonia (Goiman patent 
No. 51,739), extracts all the phosphoric acid of the phosphate of 
lime by sniphuric acid, converts half the solution into monocaleic 
phosphate, by carbonate of lime and milk of lime, which precipi- 
tate iron ; he adds this precipitate to the other half, and obtains by 
.addition of sodium sulphate, sodium carbonate and quicklime, 
phosphate of lime insoluble in water free from oxide of iron, which 
he finally adds to the solution of monocaleic phosphata A biealcic 
phosphate is thus obtained, and gypsum and caustic soda as bye-pro- 
ducts. This process is rather complicated. 

5. 0. lahne (<3erman patent 57,295) prepares phosphate of 
lime free from oxide of iron, alumina and silica, by acting on 
phosphates rich in oxide of iron and alumina, by sodium bisulphate. 
The raw phosphates (eoprolites, etc.) treated with an aqueous solu- 
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tion of sodium bisulphatc, carbonate and phosphate of ]ime, dis- 
f5olv€ whilst the silica, and iron, and alumina compounds remain 
insoluble, and may be sepa, rated byfiltration along with the gypsum. 
Jdy eTOpomiing the solution a. yellow salt ly obUined, the composi- 
tion of which corresponds to the formula SNa^iSO^ + CaH^P 2 ^g+ TIjO, 
which may he employed as such, as a manure, or mixed with 
gypsum, horn meal, peat; it may also he need in stables, to fix 
ammonia. 

6. In making superphosphates, Marlin proposes to use the acid 
sulphate from manufacture of iiittic acid. The acid gulpliate from 
the cylinder's is dissolved in wale-r, so as to get a solution of 46° to 
50° D. The precipitate oyiisists of bisulphate, which it is 6S,sy to 
convert into sulphate by recrygtallization, whilst the strongly acid 
solution is used to dissolve raw phosphates. All the phosphoric 
acid Is dissolved, aud the resultant supciphoaphates have less 
loridciioy to retrograde tlian those made with sulphuric acid of 50° 
to 03“ B. 

7. Thn}inar and Iluxfon's Belgian paterit No. 96,109, and Hol- 
land's Belgian patent 195,190, to eliminate the oxides of iron ajid 
alumina, may also be mentione.u 

8. SchucM proposed to make superphosphates from ferruginous 

phosphate thus : As soluble oxides of iron induce retrogradation 
of the plicsphorlo acid iu superphoaphates, whilst protoxides are 
inactive, and as sulphate of .ammonia possesses the property of 
forming with protoxides of iron i-cadily oxidi^jablc in the air double 
salts very stable in air, Sehucht, on such data, proposed to dissolve 
phosphates in presence of sulphate of ammonia, then to effect tho 
j eduction and so obtain very stable superphosphates of ammonia. 
With this end in view, the finely ground supeiphospbatcs ai'e mixed 
with sulphate of ammonia, (,)ne part Fc^O;; requires 1'75 per cent 
of that salt to form tho double salt FeSO^ + -j- BIIjO. 

Eeductior can only be effected by weak sulpiiuioua acid which is 
injected under pressure into the diluted mixture of superphosphate 
heated to 80° to 100° C. Scbucht thinks that the small amount of 
sulphurous acid in the product will [^iiickly oxidize and become iu- 
noeuotis to plant life. The author is not aware if this method has 
over Ijeen used ; iu any case, Scbucht makes no mention of it in 
his book. Besides, a phosphate containing 3 to 4 per cent of 
sesquioxide of iron and aUimina will on'y cause an inversion of 
0'50 per cent iu stor'cd superphosphate, a loss say of Id. a cwt. 
That is why the above process scarce/y merits attention, except 
perhaps in those cases where the purchaser also pays for nitrogen. 
Otherwise the process would hardly bo worth the trouble. 

9. Carr's process dealing with phosphates rich in oxides of iron 
and alumina is analogoua It consists in caleiniug the phosphate, 
grinding it fine and then mixing lOOO parts witli 400 parts of sul- 
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phate ol ammonia, dissolved in 400 o,c, of hot water, and then to 
add 800 parts of sulphuric acid of 50" B. A violent ceaetiou ensues, 
the mass intumesces and heats to 110'' C. After an hour it solidifies 
and is easily ground ; it contains 18 per cent of phosphoi ic acid, 
two-thirds of which are soluble in water. Tins process is interesting ; 
uioreover, it is simple, and yields good results ; it might be advan- 
tageous to use it in the [nariufacture of phosphate of ammonia, if 
the raw materials were to be got cheap. Besides, this process seems 
to preclude the letrogmdation of the soluble phosphoric acidP 

10. Glaser manufactures precipitated phosphates from insoluble 
pliosphates of aiumiiia, by treating the latter with a cold alkaline 
Bohitiou or with a hot concen toted solution of alkaline carlioimte. 
In this operation the phosphate of alumina is dissolved, fn using 
the alkaline solution, the liquid separated from the residues is 
treated with carbonic acid. If a bob solution of alkaline carbonate 
be used, it is cooled, and the dissolved phospliate of alumina is 
pj'ecipitated. The solution is then used for a new operation. But 
from tests made, raw phosphate of alumina does not dissolve in 
a hot solutiou of alkaline carbonate. 

11. ftikmia/iii of Gembloux recommends treating the raw 
phosphate at a high temporature, to couvei't the phosphoric acid 
into a very soluble form, Bazin has based a British patent No. 
15, fid? on this iirinciple. lie heats phosphates in retorts to a 
temperature of 1300“ to .1500'' C. 

12. fjodgkinn f America, n pa, tent hlo. 423,320, IHOO) mixe.s the 
[ihosphiite in fine powder, with quicklime, which he then slakes. 
But it is not easily seen how that treatment can I'ender phosphates 
more soluble. Besides, no field experiments appear to have been 
made to bring out the value of the re-sultant munure. 

Manufacture of Frecipitaied Plwsphate b}i Ekeirolysis. — A new 
inetliod of uianufacture, liased on electrolysis, Iras been invented 
hy Prof. W. Palmer of Stockholm, ft consists in converting the 
raw phosphate by the wet way into a readily assimilable form, 
and that at the oidiriaiy m a slightly elevated tciiq>eiQture. The 
raw material is ground apatite. It need not lie finely ground, In 
an apparatus specially constructed for the pui-pose, a solution of 
■chlorate or perchlorate of soda is electrolyzed, which disengages 
free ohlorio acid, sometimes even perchioric acid, in the a7u^k cell, 
The acid anode liquid is made to react on the raw phosphate in a 
battory of wooden oases, fitted with perforated ■ bottoms, so that the 
•soh^nt first com os in contact with almost exhausted apatite. 
The alkaline liquid from the cathode is added to the saturated 

1 Rut it is eviilent on the fioc of it that such geoeralizatious are futile. 
The data i^iven can only have been appliaiblB to the iin,rtM!iikr i;lioKi)h&te to 
which Carr applied it. All phosphates rich in oxides of iron and alumina 
would not respond to each treatment so as to jfeld the above results. 

5 
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solufcimi, in special precipitation vats, taking care to stir, until a 
slightly aoid reaction ensues. There is thus formed crystalline 
precipitate of acid phosphate of lime bicalcic, it is freed as 
completely as possible from the mother liquors hy filtration and 
washing, which is greatly facilitated by the solubility of the phos- 
phates. The yield is very satisfactory, because only about 1 per 
cent of the pliosphate in the raw material remains in the solution. 
The latter, which contains a third of the amount of lime origiaaDy 
eliminated from the apatite, is mixed with the residual alkaline 
cathode liquid, and the greater part of the lime is precipitated as- 
hydrate ; finally a current of carbonic acid gas ie injected. After 
precipitating the lime the solution is withdrawn and run into the 
electrolyzer. The electrolyte is thus contiaiiouRly regenerated. 
The product so obtained generally contains 36 to 38 per cent of 
total phosphoric acid (the formula CaHPO^ + 2H,,0 requir(;<) 46'07 
per cent of P^Or,). About 95 per cent of the phosphoric acid is 
soluble in Petermaim's solution of ammoniacal citrate of ammonia. 
The composition of the product depends, moreover, ou the aaiount 
of lima in the raw inateLjai ; when it is rich in lime it requires a 
greater amount of acid, and (Consequently of electric energy. Thei'e 
is a bye-product of slaked lime equal to 33 per ,cent of the bicalcic 
phosphate formed. This process, which was the subject of severaf 
years’ laboratory work, was applied industrially last year [? 1909] in 
an inskllation of 6 to S electric horse- power. One electiie horse- 
power can produce annually 20 cwt.. of liicalcic phosphate soluble 
in citrate, or 23 cwt. of 32 per cent. Tlio cost of nianufaeture, has 
been provisionally estimated at 8'i4 Swenlisli Browns per cwt. These- 
figures refer to an annual production of 220(1 tons of bicalcic phos- 
phate of 34 per cent. Comparative experiments on oats cultivated! 
in pots and continued foi’ five years, show that the phosphate pre- 
cipitated by electrolysis, provided tiiat its composition responds 
to that of bicalcic phosphate, exerts as energetic a fertilizing action 
and as durable a one as superphosphate. The addition of important 
amounts of carbonate of lime has not diminished the assiinilability of 
the former, whilst with tribasic phosphate tiie contrary is the result. 



CHAl’Thlil IV. 

HISTORICAL REVIKW OK SIJ KlHU‘HOHPH.VrL M.\XLK,Ar'iT5RK. 

It can be safely asserted that the siipei-phosphaui industry is tlif* 
issue of Liebig's theory. He was, in fac.f,, one of the first to* I'emin- 
mend restoiing to the soil, not only the nitrogen removetf Iw crops, 
blit also the mineral matter, more especially pliospiimiu acid. For 
this purpose he recoin in ended the nsc of bone dust, and also of 
pliospho guanos. But liaviug remarked that the phosphoric acid 
of these substances only acted very slowly, Ik; advised that they 
should be treated by sulphuno acid so as to lender the phosplioric 
acid soluble, and immedLately assimilable by plants. His method 
was adopted, and yielded remarkable results, thus giving birth to 
the superphosphate industry which spimtl rapidly in fterinany, 
(ireat Britain, and if'i'ance.^ 

Tim Manufacliire 0 / Super pJw^iphates from. ldi>() Ui 1870.— It 
is interesting to follow the new indiisti-y in the diderent pliases of 
its evolution. The theory of superphosphate mannfaetinc Is in 
itself very simple. Eaw phosphates contain ohosphoihc acid, as 
tribasio phosphate of lime, insoluble in wittei*, and conseijtientlv 
not assimilahSft by plants. 'I'he task of the manufneturer of super- 
phosphate coasisls, therefore, essentially in converting the insoluble 
phosphoric acid of raw phosphates into water soluble or citnitu 
Rohihle phosplaoric acid. This is done by treating them with 
sulphuric acid, which removes as gypsum, two parts of the lime, 
with which the phosphoric acid is combined, leaving one jiiirt of 
the lime combined with the phosphoric acid, as the monoltasic or 
acid phosphate of lime soluble in water. The product so converted 
is called superphosphate, i.e. superior phosphate.- 

1 The Tvritcr hiiB no intention of disparaging Liebig'sekim to the tn-aLniKiiL 
of bones by aioid ; hut the treat, men t nf roproli tes ard mineral phr)S)i]n).t.e by aoirl 
waB first sriggcstcd by the Kev. Mr. Hcnslow, Mr. Iiawes wn,s cither preseot »t 
Mr. Henalow's lectaie or read a report of it, and took out a patent for the pro- 
cess and proceeded to interdict Mr, I'utKer for digging for coproHtes on his (Mr. 
Kiuser’a) own land for the purposes of treating them by acid »o as to dissolve 
them. Long litigation ensued, afterwards settled ami Mbly. Tiawes established 
a factory at Deptford and Purser at Millivall, with the river Thames between 
them. PnrBcr’B MLllwall faofory was oloenil in the early nineties, Lawce’ 
manure factory is now at Barking. The iniiioral superphosphate industry is 
a British- born industry, like, s ilphiiric arid manufacture.— Tii. 

*Thie etymology ie hardly satisfaotory. Stiper here is not an abbreviation 
{(>7) 
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As regards the simplicity of the pioeess. the installation of the 
Hrab superphosphate factories was very- primitive. They contained 
little or no machinery, Three sheds, one to cover the raw phos- 
phates, the other the dcti in which to dissolve the phosphate, and 
the thij'd the superphosphate. So much for the factory. The tools 
in the lieginning enrsisted of a few harrows, hoes, rakes, and a 
sieve called a screen • -that WEIS all. As to the indoor installation, 
it included a sulphuric acid tank, a few' lead-lined measuring banks, 
and three or four rectangular round or sfjnaro dons. These dons 
were first made of brick steeped in ()oiling tar ; afterwards cast-iron 
cases one mch thick, and sunk in the giiound, were used. The 
mebfiud of inaMufaeture was the following, A certain amount of 
sulphuric aoid of 50" to 52° B, was run into the den ; at the same time 
■the phospfiate was weighed and lieajxjd on the edge of the deii. Three 
men, each armed witli a rake, agitated the aeid, whilst the third 
gradually shovelled in the phosphate. The mass soon thickened, 
and even set before the “ mixing ” was complete. Nevertheless, to 
obtain a hnmogeneonK mixture the mass was triturated by liringing 
it from one side of the den to the other; finally it- was filled into 
!)aiT!UVH and slfirteil iiit,o tlie superphosphate shed. There it lay in 
heaps for a tnoutli; finally it was lixnd screBnt^d Ewid sent ouf. to 
ciiitomers. When well dissolved, it gave no core, any lumps 
being crushed by the hack of the shovel, until siifiiciently fine to 
pass through the screen, By such simple means sufliciently dry 
superphosphates were oh tamed, comparatively fine and well dis- 
soK'ceL Those methods sufficed then, because the very pure raw 
phosphates were delivered iti the groiitiil stale, or at least sufficiently 
fine to ]jasa throiigli the sercou. 

. 1871 to 1H8U.— 'As raw phospliates, spent bone black froni sugai' 
works, and guano from the Pn,cifi(! Island 8, Baker, riavvis, eh;., were 
chiefly used. From 1871 Mejlllones guano began to be used, and 
then the first difficulties in the inanufaeture began. The larger fac- 
tories then installed flatstone mills, roller niitls, or stamp mills. This 
equipment, however, soon became defective when it was a question 
of working mineral phosphates such as Canadian or Norwegian 
apatite, Sombrero, Navassa, Cura^oa and Aruba phosphates, Mexican 
guano, rock phosphate, l)one ash, etc. Powerful crushers were 
then added to the flatstune mills, [or it was soon found that fine 
grinding played an important part in dissolving the phosphate, and 
in drying the superphosphate. At the same time, the need was 
felt for a mechanical crusher and sifter for the superphosphate. 
It was thus that the crusher called Carr’s disintegrator was adopted. 

of inferior, hut is the Latin word supey used to show that i a anperphosphate 
the ratio of pbosphorio aoid to the iiiuc Is in excess of that in the normal tri- 
baeio phoBplmte. Super iafact has the same meaning here as in enpersaturate, 
suiierliHat, It itas [lulhing whatever Ui do wilh (|naiity.— T k. 
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This* machine did nat at first always and everywhere give the 
result expected ; the superphosphates unless suitably dissolved were 
(jon verted into' paste. Such was the state of affairs about ISSO. 
But to follow up the tieatmeint of the phosphates ; At the outset 
of the manufacture of superphosphate, the manufacturer was him- 
self his own chemist ; he submitted his raw' phosphiites to a serifts 
of dissolving experiments, varying the quantity of acid each time. 
He then sent samples to an analyst of the superphosphates which 
appeared to have siiccepded best, then he applied to the stock of 
phosphates the Lreatment eslablialieil Ijy groping in the dark. 
Each new raw material required fresh experiments, ft is hardly 
necessary to remark that such a method of working was fertile iti 
disagreeable surprises for the manufacturer.^ 

1880 to 1894.— Tn spite of the good quality of the raw phos- 
phates, and their low percentage of- oxide of iron and alumina, 
hitches in manufacture were frequent, and gradually the need was 
felt for a permanent control. Thus since 1880, faclories of any 
importance have evch a chemist rvhosc duty it is to follow the 
material througfioiit all the phases of its treatment.^ This contrel 
became more urgent when it was olweivwl in certain inixod 
inatnires, that a certain amount of the phosphoric acid had retro- 
graded, that is to say, it had retnmeti to the condition insoluble 
in water. .At the same time the use of Gauadiaii and Norwegian 
apatite, and Floiida and otlici iiiinci al phosphates, gave off chlorine 
and fiiiorine compounds highly injurinuH to the health of the work- 
mon, and annoying to tlie neighbourhood, The machine (or mixing 
the acid with the phosphate was then substituted for the tveatniRut 
in the open den. The first machine of this nature was arr inclined 
oylindct, in which a shaft fitted with lilades ar ranged in a helicoid 
manner revolved ; it was charged with acid luirl phnsphato at the 
top end, and the mixture was run out at the lower end. Afterwards- 
this apparatus was replaced liy a flat rnixe.r of ('.ast-iron, likewise 
furnished witli an agitator, and in which tlie acid and phosphate- 
ivere agiULed two to three minutes, then nm out into a truck under- 
neath, whilst the gas given off' by the phosphate was led out on to- 
the roof Lhroiigh a wooden chimney. These machines answered 
all requirements so long as only guano or other phosphates rapidly 
attacked by sulphuric acid were being treated; however, the pro- 
ducts were genemlly awanting in porosiliV heciinse the greater part 

^ It -svrnj!! k possible to name seveial British mtmufu iiifmalactorie* the work 
of whiah. -was controlled by chemistH 15 to 20 years prior to 1871, and fist efone 
mills were also in use prior thereto. The writer has handled works, laboratory 
journals of the early fifties, which show the manufacture was even then under 
strict chemical control by paUHml iiieii on the spot. British manuTu patent 
litaratnre ohthe earlier dayR speaks for itself,- T r. 

See above note. 
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of Uie ctu'ljoiiic acid (ilsiwiuagcd owing to a too long stay in the 
raisec. Then the system of closed chajnbers or dens waa adopted, 
becauRo in dissolving' veiy hard mineral phosphates, such as 
Caiiadian apatite, pebbles, Florida phosphate, etc., a higher tempera- 
ture was required, which it was easier to attain and maintain in 
the dosed chainljcr, where the snperphospha.te remained for about 
twelve hours; further, because in connecting it with a well-con- 
structed flue roi’ the disengagemfirit of the acid vapours, the health 
of the workmen was salcguarded. When the chamber possesses 
two flues for the disengageinenl of gas each 1 meti'e (3‘28 feet) wide, 
fuul when these flues are each fitted with a fan, and can be put in 
connexion witli the chimney stalk of the factory at will, or with 
a condensation plant, it is easy to eliminate steam and acid gases. 
A more dry su[)erphosplmtc is thus obtained, and during the 
emptying of the chamber or “house" the workers can enter without 
running the risk of getting “gassed But in actual practice 
flitches frequently occur. As already rnentionud, as far liack as 
1880 it was necessary to mstal plant to condense the gaseous 
chlorine, and fluorine coraponnds; they consisted mostly of wooden 
or masonry towers drenched with water, by a Koerting’s vaporizer. 
The liydiofliiosilioii! acid obtained undov thes* conditions can be 
converted Into silico-flaoridc of sodium, the soiling price of wlilch 
covers the cost of condensation, and leaves even a slight margin. 
This product, unfortunately, has only a limited use, and ends by 
bficomiug cumbersome. The mixer installed above the closed 
‘‘dens’’ or “houses ” is that of Loron?;, which is universally used.^ 
Lately, dissolving oharabera have been installed at a higher level, 
and belt conveyors passed iindeiiieath to facilitate emptying. This 
system has been adopted by certain faetoneB. 

1895 to 1908.— Such was the situation from 1880 to 1894. 
Bupftrphosph,i,te factories possessed mills, machines for mixing acid 
with phosphate, installed above a closed den, into wliicli the mixture 
is discharged and left to itself for twelve hours; arrangements for 
elimination and condensation of acid gases, disintegratorw, or roller 
mills, armed with teeth for grinding superphosphates. Mean- 
while ball mills appeared, then ball mills combined witli tube 
crushers, then Griffin’s pendulum crusher, etc. ; dust chambers, on 
different plans, were in.sta]lcd; new systems of transport, such as 
asrial couveYOi-s, belt conveyors, to bring the phosphate to the 
crushers, coal to the boilers, the crushed and screened superphos- 
phate to the storeliouso, The adoption of ferial conveyors was 
a real step in advance in the superphosphate industry, for inde- 
pendently of the economy in hand labour, they enabled the supor- 
phospliales to lie thrown on the heap from alx)ve, thus ensuring the 
good preservation of the product. The installation of «rial con- 
' Possibly ou the rantiuent, hut not in Great Britain.— Tn. 
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veyors (with a useful ellwfc of 85 pci ceiitj ininit|{uiat«l ti ticw eiH 
in the raamifactuve of siipcipiiosphates. It is dosely i*-oiiiiccle{l 
with dcotrioity, the ingenious applicationb of which allow the use 
of mechauioiil equipment in all parts of the factory whei’e it would 
be impossible to erect shafting. Electricity and it'viitl conveyors 
form ft sort of coimceting link between the hitfereiit applianeeii in 
the factory, and contribute greatly to tiieii- increased output. 
Electric light spreads cheerfulness in all directions; the electric 
motors driven from a central station work silently in the most 
distant parts of the factory, the different organs of which thus work 
in perfect harmony, A vexed question is that of knowing the 
ti’calrneiit Ur which aupei’phnsphates should be. subjected from the: 
moment it is shifted from the den, so as to obtain in the moKl 
simple and the most rapid manner a good product which will 
keep well. To solve it, numci'ous processes have been elaborated, 
all converging to tiip, same end, which is to secure a dry pulverulent 
phosphate easily distributed by the drill sowirrg inadrine. 'I'lre 
point of departure of these veaearches w.iR Florida phosphate, which 
from 1880 [? 1890J was and still is one of the most important raw 
materials of superphosphate fuctoncs, afterwards tlm phosphates of 
Tennessee, Algeria^ and Tunis, Biiperphosphate-s marie fiom Florida 
phosphate are (listingniKbed tjy a high pemmUige of free phos 
phol'ic acid which gives them a damp feeling when touched. The 
most simple means of remedying this inconvenience consists in 
dr 5 ring them, and thus quite a series of driers have l)een constnteted 
for the purpose. At the present time all superphosphntes, and 
especially those intended for export, are di ied. B\it it was soon 
observed that if drying diminished the peiceiitage of iiioisturc in 
the superphosphate, it increased tbeir percentage of free pbosplioric, 
acid, and of hydrofluosilicic acid, luid in such conditions, whilst 
appearing dry, they possessed the prupeity of attracting inoiRture 
and attacking the canvas of the bags.* fii 1890, it was found that 
degolatinbed bones, and mure recently Gafsa phosphate, afforded 
simple means of drying superphosp bates and rendering them pulveru- 
lent without exposing them to retrogradatiou. This point will be 
reverted to in the sequel, At the same time several specialists in 
this kind of work, independently of each other, have tried to lind 
metliods of obtaining good supei’pbosplmtes whilst imparting great 
rapidity to the working piocofis. In tliis way the grating machine 
Was invented (Heyoiaiui and Nitsoh’s process). But experience 
proved that perfect results (»uld only be obtained by finely dividing 
the superphosphates from the mixing don and by dimiDishing theii’ 
free acidity. This result has lieer fully obtained. Owing to im- 
proved equipment, means arc available of producing from all raw 

* 8teepfrq{ iu gum kiao (‘itt’ficl is foniid in Australia to reader iriaimi'i' bags 
rot proof,— T p„ 
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pliosphiites, superphoaptialea wliioli »uswer iill requirements since 
ii has been recognized that dryn^s and the pulverulent state of the 
siiperpliosphstes depends in the first place not on their percentage 
of moisture hut on their free acid content. The recently discovered 
phosphates of Christmas Island and Ocean Island likewise enable 
phosphates with 20 to 21 per cent of phosphoric acid soluble in 
water to he produced. Thus, as already obsei-ved, it is Florida 
phosphate which has liecri the occasional cause of the methods of 
working .which we have just enumerated. This same phosphate 
more tlian any other has put cliemistG to tlio test owing to its high 
percentage of oxide of iron and alumina, which are the great 
enemies of superphosphate mauiifacturers. The retrograidation of 
the soluble pliosplioric acid caused disagreeahle siu-priees for the 
chemist and manufacturer, and if the means of prevention be not 
possessed by a factory working on the .large scale, the causes and- 
conditions under which they are produced have, been determined, 
Chemistiy, the inseparable companion of industry, has taken a con- 
siderable part in the piogress realized in superphosphate manufacture 
from its birth to the piesent time. Chemista are atkehed to all 
manure factories ; to them belongs the merit of freeing this industry 
from empiricism so as to establish it on a truly scientific Irnsis. French 
ohemisis have had a laj'ge part in the development of the maniUB 
indubtiy. Their learned researches joined to that of French geo- 
logists have greatly contributed to the realization of the value of 
the French phosphate deposits, the immense reserves of which will 
suffice for a long time to cover the requirements of French 
agriculture.^ 

I Tlint wK in Orna.h HritiiiiTi hiivn jiot a vnliiiuiioim KfiKcisi.! lileniluiK 
with thn nlM:7iiiKl.iy of Tniiiinrn (iiiirujfxiit.iD't',, In jrii M>i>y Prom tlie n)i'ril.s 

M.n<1 (iIxiiiiH of Hritish ni'iicnhiiirit.I anrl jiiiLniirh woi'kH c;))Ktiiisl;K. Oiir I'aknt 
OITice rwiords provs that tliey have been first in the fieltl ic all broiehcB of 
research in this domain. Both French and German current methods of pre- 
cipitated phosphate mannfeoture, double s-uperphosphate mannfactDre, and anch 
like, are all borrowed’ from British pafenfe like those of Pj'ofcBsor Way, 
.Beojaniln, Tanner, etc., away back in the sixties and seventies. 



GHAPTKR V. 

THEOKY OF MANUI'ACTniiE OF K01,rHr,F FHOSl’HATKS, 

It has already l)eeii seen that to rcndcj' tlie phosphoric acid iu 
raw phosphates soluble, when it exists as tribasic phosphate of lime 
Gay(P04)2, it sullices to icplace [^acli of] tlie two atoms of dyad 
calcium by two atoms of hydmjren by means of sulphuric acid, the 
monobasic phosphate of lime, or ax', it! phosphate of lime GaH^(POg)2, 
soluble in water, the CHlcium displaced hy sul[)huric acid forming, 
gypsum CaSOiSH^O, accoixliTig to the following wpiation : — 

+ 5Hp 

Tribasic o„i •„ 

phasphH.te ' ' Watet; 

HIO 1116 110 

r)9l) 

As the equation shows, the sulphuric aeiil used is sulphuric 
acid which has not been concentrated, that is, it contains a certain 
amount of water incidental to its mannfM'.liure. This water assists 
in fcho crystallisation of the two now compounds formed, monocalcic 
phosphate and gypsum ; iL, moreover, assists in thinning the mix- 
ing and thus facilitates decomposition. In facG if the mass formed 
by the mixing of pliospliate and acid he too thick, the new salts, 
especially gypsum, would set and harden rapidly and thus bury a 
certain amount of the raw phosphate which would escape the action 
of the acid. Gypsum forms, as it were, the skeleton of the super- 
phosphate. But the conversion of raw insoluble phosphate into- 
soluble phosphate is not accomplished in such a cDni|ilok: and 
ai(lequate manner as the equation appears to indicate. I’lxperimeiitfi 
have proved fdiat the insoluble phosphate is i-endcred soluble in two 
aornewhat parallel stages. The first yielding free phosphoric acid 
and gypsum only extends to two-thirds ot the tricalcic ph^phate. 
In the second the free phosphoric acid acts on the remaiiidei' of 
the tricalcic phosphate, and combines with it to fovjn acid phosphate 
of lime or monocalcic phosphate. 


Mnnocalic Sulpbutu 

[ilioRphiUe. (if lime. 

2.'i2 :i4.t 
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( 1 } 

{2) 


5)043(1*04)'' + BH3SO4 + 12 H 30 ^ 4 H.P 04 + f!H5(P04)6 + 
Calcium Muiphurio ^ Phosphoric lYihasic 

phosphate. add, acid. phosphate. 


fi(f!a 80 , + aH.30) 
Gypsum. 


One can demonstrate the soundness of this equation by treating 
afte,r equation (i) d'U) parts of trihasio phosphate of lime with 196 
parts of monohydrated snlphtitic aoid and 90 parts of water, dilut- 
ing the mass rapidly with water and filtering quickly. Two- thirds 
of the phosphoric acid are then present in the filtrate in the free 
state. But if the mass he ^ only diluted after it his set, all the 
phosphoric acid exists in the filtrate as monocalcic phosphate. The 
explanation is that phosphoric acid is a much weaher acid, and 
.acts much more slowly than sulplmnc add, and that is why the 
reaction of equation (2) is accomplished more slowly than equation 
{Ij. If an ineufficient amount: of sulphuric acid be used for con- 
vcislon, only biealoic phosphate is obtained. 


C)ij(FOj'' -r ttiSOi I (;a,0 = Ca.ja3(P04]»,4a,j0 -1- Ca,S0,2U30 


In this conversion, a portion of the tribasic phosphate of lime is 
transformed first into monocalcic phosphate CaH 4 (P 04 }^ hut that 
re-oomhinee with the remainder of the trihasic phosphate of lime. 


CaHjtrOjl^fi^O H- Oa^tPOJ* -t- 7II3O = li 0 a.JJj{i’Dfi* 21 I ,0 
3;)'J .rtO 12fi 

OHS r>S 


But the free phosphoric add makes tiio supcrpliosphatc daJtip, 
party, and unfit for distribution (passing through the drill, etc,} in 
that condition, ff the raw phosphate be rendered soluble, by 
hydiochloi'ic acid or by nitric add, no free phosphoric acid is 
obtained, but merely acid phosphate of lime, very soluble in water. 
J)ry superpiiosphates can lie obtained in that way. But such acids 
are less abundant and much dearer than sulphuric add. However, 
hydrochloric acid when it is to be had cheap, is sometimes added 
in the proportion of 10 per cent to tlie sulphinic add. But the 
phosphate is not rendered .soluble by pure hydrochloric iwid, as 
tfiat would give rise to calcium clibride, which is higldy deliques- 
cent, and cause the superphosphate to be damp, and unsaleable. 
Moi'eover, calcium chloride is injunous to vegetation when pziesent 
to any gi-eat extent, la presence of sulphuric add, the calcium 
chloride is again converted into calcium sulphate and hydrochloric 
acid, which assists In dissolving the phosphate, 
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From the following equation the quantities of snlphnvic acid 
laiid water required to disgolve a given amount of phosphate luav 
be readily calculated : — 

+ oHjO = 0aH,(PO,l»H„O + 2(Cii.t(0,2H,AU 
SIO Ifle ‘^0 2,12 ■ 344 ' 

5S)6 Slid 

In this connexion it will be well to bear in mind that tlic. 
symbols indicHte not only the elements but precise and nceinattdv 
•determined quantities. Thus the formula for water (11., 0) imlicatos 
not only that water is composed of the two elements, hydrogen and 
'OKvgeri, but also that it results from the combination of otic lUoiii 
of oxygen with two atoms of hydrogen. As the atomic woiglii 
•of hydrogen = 1, and that of oxygen = lb, it will be at once, seen 
that eighteen of water consists of two of bytlmgcn and sixteen of 
■ oxygen. Tlicse figures apply just as much to grams as to tons. 
‘The following is a similar calculation for phosphates, thus tribasii- 
phosphate of lime contains : — 

ALoiinr 

Weiffht. 

Calcium (Or) = 40 
rhOEphonis (P| = ,31 
Oxynnii (0) = IG 

1. .4 inolecnle therefore of Ca.,(P04)„ weighs: 

Cl, = 40 k :3 = ]20 
l\ - 3L X 2- (;3 
0 = IG X 8 = 128 

;)i0 

U. A molecule of sulphui'ie acid (H = I , K = 3'i ; 

•0 - 16) - 2 + 32 -e 16 X i = 98. But tribasic pho.sphate of lime 
requires two molecules of sulphuric acid to render it soluble ; vve 
thus get 2 X 98 = 196 of sulphuric aerd and 5' x 18 = 90 of water. 
Sulphuric acid may !:« calculated as SOj amt H,/), say as the 
iiydrjifce of sulphuric acid aucl waiter. To render the |)liospliti.to 
soluble 5 + 2 = 7 molecules of water are required. It follows, 
therefore, in order to dissolve 310 parts of trihasic phosphate of 
■lime, that these 310 parts of Ga^jfPO^)^ must be put in contact with 
160 parts of 8O3 and 126 parts of water. One part (say one ton) of 

■CajPjOj, requires therefore = 0‘516 parts 8(.).j and = 0-40(i 
IjarU water. 

100 X 0''110 - .51 '6 imi'tii SO, 

100 X OrtOG = lO’G „ H,0 

92'2 
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Now as parts of contain 51-6 parts of SOj, 100 

]>,art3 contain =■ 55‘96 SO^. It is, therefore, aclil con- 
taining >56 per cent of SO;, that lias to he used, By coriauUing the 
table by Lunge and Isler, at the end of the book, it will be found 
that acid of that strength has the specific {i^avity of 1 '600 54° B. 

or 120° Twaddfil. But in SiCtiial pmctice it happens that the acid 
used la more concentrated or more dilute. Suppose that the acid 
marked 60’ B,, according to the tabic above mentioned, contains 63*7 

per cent SO,, it will, therefore, be necessary to use -■ ~ HI 

' d3'7 

parts to render 106 parts of tribasiQ phosphate of lime ijoluble, and 
it would be neoessaty to add the required nmemnt of watef thereto. 
If the acid weighs loss than 54° B., say 50° B,, the same calculation 
is made. Acid of 50° B. contains 51 '04 per cent HOj of acid of that 
51-6 ^100 
5i'04'" 


prts for 100 of flajP/lj. 

Hffcct of the hnpuri'.ics in Phofiphatex on timr Jhkwvionr in- 
fAc Prvoean by which they are tendered Soluhk. — But raw phos- 
phates, moreover, contain several other compoudds beside.s tribasie 
phosphate of lime - such as carbonate of lime, oxides of iron, and 
alumina, calcium fluoride, decomposable silicates, etc. Jf, therefore, 
only the amount of sulphuric acid i'e<juii’ed for the phosphate weiv 
takfiii, the latter would not be rendei-ed completely fiolnhle, because 
the sulphuric acid would first attack the carbonate of lime and then 
the tricalcic phos])hate. It is thus necessary to determine the 
pei'cenfcage, of tihese ingrediente in the phosphate and allow for them 
in oaloulatiiig tlic acid. 

GarbonaUs of Lime and Magmta.~ln treating phosphates 
with sniphnric, acid, the oa,rhona.tes are attacked first. ft is 
genorally a question of carlxtiiatc of limo', as carbonate of magnesia 
is only met with rarely, for example in Carolina and Florida phos- 
phates. (Carbonate of lime is, therefore, dissolved at the very first, 
then follow tho other oomjwunds in the order of their deciomposa- 
Ihlity by acid. The decomposition of the carbonate of limo and the- 
consequent formation of gypsum which follows it at an equal pace, 
causes an energetic reaction, which is very favourable to the 
progress of the process by which the phosphates are rendered 
soluble. The heat disengaged re-heats the mass, the carbonic acid 
in its efforts to escape raises the mixture and renders it. porous and 
spongy like a well-risen loaf iu the baker’s oven, and thus faciliUites 
drying. More than 6 per cent of carbonate acts unfavourably, in 
this sense that leaving the expense of the extra acid ’ that it entails. 


'Bali the aciU is the raw material ou which the maaafaflturer makes hie ’ 
profit !— T b, 
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out of account, it gives rise to an excessive amount of gypsum which 
brings numerous drawbacks in its train as will be seen in the sequel. 
The quantity of acid absorbed by the carbonate of lime in normal 
amount (1 part of CaCO.^ in tribasic phosphate of lime requires 
1'5 parts of SO 3 ’) is compensated to a great extent by the ad- 
vantages got in " mixing ” and by the quality of the superphosphate. 
Phosphates free from carbonate of lime do not heat but very 
poorly in contact with acid ; the reaction is consft(piently slow, the 
operation takes longer and the final pivxiuct is difficult to dry. To 
reme(iy this drawback in treating phosphates of this nature, apatites 
for example, it is best to mix them with phospliatio chalk when 
being ground, but the supei-phosphate which results is not so 
homogeneous as tliat got from the chalky phosphates of Algeria. 
The amount of acid required to decompose the carijonates is calcu- 
lated from the following equations ; — 

Cacb. -H HjHOj -i- 11„0 = + CO. 

100 " !)8 + IS ' — • 


21 !i 

-f- Ho^SOi + (iH„0 - + Cl)., 

81 ,1 ilS a- 108 24(5 '+ 44 ' 

2 % ' " ~m ’ 

Magne.sia is also met with, but in smaller quantities, as triliasic 
or neutral pliospbite, The following reaction tlieu o(x;urs 

Mr.fl’Op'-' -t- 211,80, -i- - MKHpPOJ=21i,<> | 2M[,'80j7ir.,(> 

2MgHPOj -I- Hj80, + ;(H.,a 1 MnS(),7HU) 

Acid phosphate of maguesia is not deliquescent and not decomposed 
by water. 

todiiw . — Clertain phosphates coiifiiin wdine, as calcium iodide 
(Cal.,), which is converted by the sulphuric acid into hydviodic acid 
at the ordinai’y temperature of the “ mixing" ; when the mass heats 
the acid reacts on the hydriodic acid, and the iodine iilrerated 
escapes as a violent vapour. Phosphoric acid has no action on 
hydriodic acid. 

Gakium Flimide . — Most phosphates contain more or less 
calcium fluoride. This substance is likewise decomposed by sul- 
phuric acid at a temperatme abovn 40" (1. (104" F.j. It is then 
given off as gaseous hydrofluoric acid. But the latter acts in its 
turn on silicic acid and forms with it silicic fluoride. These two 
reactions may be 1 epresented thus : — 

CaF,^ + H.,S04 -t- 2H,0 - Ca80,2H„0 -f- 2HF 

HiOj -h 20aFj -h^ 2H^80i -t-' aHp - 8 iF/+ aCaBO^aHjO. 

^Evidently dilute arid ot 120“ Tw.— T e. 
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The silicic fliioiUe iiiakes itisell feU by a peecLrating acrid odour; it> 
decomposes in pi-esencc of water into gaseous hydroflnosilic acid; 
which volatiliije?, and into orthcsillcic acid 

dBiE,. + 411^0 = + RiO, + illT.p 

fTjiseons hydrofluoric acid acts on silicates to render them soluble : — 
Al/RiOa)'^ + SHF = Al^Fji + SHjjSiOa 
Al,(ftiO,]'' + IBHF - Al.Frt + SRiP, + 9H^0 
CaSiO/+ 2HF = CaF, + H.SiO^ 

GaSiOj + 6HF = CaF, + SiF, 3H,0 

Ost obsemd that ih the “dissolving ’ ’ process two- thirds of the fluorine^ 
contained in the phosphates escapes as gas, whilst one- third remains- 
as calcium Huoride; but according to Klippert 00 per cent of the, 
fluorine is disengaged as gas, ill) per cent remaining undeconriposed, 
and 20 per cent absorbed mccharjically by the mass as SiF^Hy.. 
Fossil Ijones contain up to 10 pei' cent of Ca-Fj, 

Silicates of Lime and Ahmim. The silicates ClaRiOjj, ^^(SiO).; 
are paitly soluble in sulphuric acid and partly insoluble. The lime- 
silicates in Algerian phosphate are decomposable by sulphuric 
acid, the silica being precipitated as a gelatinous thick swollen iiiass, 
and can thus enclose a certivin amount of insoluble phosphate of 
lime which escapes being rendered soluble. The undecoujposed 
silicates of alumina absorb acid mechanically and are gradually dc- 
compofied by it. 

Oxides of Iron and Aiimim.—Thc presence of oxides of iroiv 
and alumina in raw phosphates bci,s serious drawha,elcs. It may 
in some eases prevent their use in supeiTrliospliate manufacture. 
The iron i.s present in different forma, more often as oxide comhinedi 
with the phosphate, more rarely as free oxide or as protoxide (ferrous- 
oxide). It also occurs as sulphide FeS^ either infinitely divided, as 
ill Tennessee phosphate, which contains as much as 4 per cent in. 
tho i-ivcr [X)bidcs of the Carolinas, in certain Belgian phosphates,, 
or as lamellse in the phosphates of Podolia. But sulphide of iron 
is generally present in too small a, (juaniity to cause serious mishaps.. 
Phosphates containing protoxide yl iron, ibrrous oxide FcD, have a- 
greyish-black or a bluish-grey colour like, certain Florida, Tennessee,, 
and Carolina river pebbles, In the process of “dissolving” phos- 
pibate-s the iron compounds a, re decomposed more or less rapidly 
and completely according to the form in which they occur, accord- 
ing to the density (? compactness) of the phosphates, the amount 
and the state of concentration of the acid used, and finally according.- 
to the extent to wliich the “mixing” becomes heated during the- 
I'e-action. 

Decomposition takes place thus 

3PePO, 3H.SOi;t(rcPO,j2H,POJ + Fo,(SO,,), 
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If'sulphuric acid he employed in excess n\\ Llie phosphoi-io acid is. 
liberated, 


9Fei*0, + ;iH,SO,;t2n,rO, + Fe,(HOj 3 

Thedecomposition of the phosphate of iron therefore gives phos])}mi'ic. 
acid and suljjhate, of iron. A poition of this sulphate of iron reacts 
011 the acid phosphate of lime and occasions a gelatinous precipitate, 
whilst a simall fraction remains liiacLive and can lie detecterl in the 
aqueous extract of the superphosphate. This amount is about 2 per 
cent. Consequently the presence of 2 per cent of oxide of iron in 
(raw) phosphate has practically no bad effect, that amount remaining 
as soluhlesnlphateif the acid be slightly increjised ; asinuchasd to4 
per cent of oxide of iron always causes a loss of solnhle phosphoiic 
acid. Beyond 1 per cent the phosphate becomes unlit for super- 
phosphate manufacture. In his excel lent treatise on superphosphates, 
Schucht insists on this special point and explains the precipitation 
of the phosphate of iron thus ; — 

CaH,(?0,)-^H„0 + Fe2(S0j^ +bH..O -FeP0,2ir„O -t 
> CaS0j21'l„0 + 

H„SO, -t- CaH,(POj)^H.,0 -t'lLO - aiS0,2H.,D -e 2II.,P(), 
2(FetX)^2ii.,0) + 4Tr^P0, = FcP0,2n.,l>0", + 


Re demonstrates the couiise. of these reiictions hy the following 
small experiment. If one adds to a solution of a superpbosphiite 
say an acid solution of a salt of oxide of iron, phosphate of iron is 
precipitated. Hut according to their degree of concentration super- 
phosphate solutions act differently on solutions of oxide of iron ; thus- 
a 2 percent solution precipitates immediately all the oxide of iron, a 
4 per cent solution gives a weaker reaction, and in a 6 per cent solu- 
tion the reaction occurs slowly. Consequently the greater the amount 
of free, phosphoric acid in a superphosphate solution, the more it 
I'fttainfi the iron in solution, If a sofutioii of a ferruginous super- 
phosplmlc Ixi evaporated k) dryness aud the residue taken up with 
wafer, a clear solution is not obtained, hut a solution with a con- 
siderable precipitate. This hydrated pLosphate of iron may pass in 
the superphosphate into the completely insoluble state, when its- 
constitutional water is rcmovetl from it hy the crystallization of 
the amorphous sulphate of lime, 

FePO^aH^O + CaSO. = OaKO^aH.O + FePO, 

.This explains why an incompletely dissolved or retrograded 
superphosphate cannot he improved by fresh treatment with 
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■sulphuric acid, Thfsre ifi then only obtained a wet tachy maa'i, the 
acid uiiiting with the gypsum to form CaH2(SO^)^. It is only after 
;a certain time, after nnmerons trea,tmeritR followed by drying, that 
this free acid ends by acting On the noti-de.(jom posed phosphate, but 
not ou the phospliate ol iron. On the other hand, the hydrated 
phosphate of iron is soluble in the free phosphoHo acid of the 
superphosphate, but only in a transitory fashion. 

Oxide of alumina in the proportion in which it generally occurs 
afi Al PO^ in raw phosphates does not exert directly n,ny influence 
■on the retrogradation of the phosphoric acid, Contrary to what 
takes place witlr oxide of iron, the hydrated oxide of alumina 
AljjOjKjO does not become soluble in acid until after ignition. 
The hydrated phosphate of alumina as well as the anhydrous 
phosphate of alumina is soluble in the precipitated condition in 
phosphoric acid. That is why it Ls unnecessary to eliminate the 
phosphate of alumina from raw phosphate so long as it exists in 
normal limits. Alumina as silicate may prove injurious; if it be 
not decomposed by the sulphuric acid it may in certain cases cause 
the rctrogradatieii p[ a portion of the pliosphoric acid. 

Organic Maftei',— According to the origin of the phosphates 
matter is prcseiit which is carbonized in tj^ic mixing process 
either by sulphuric or phosphoric acid. The dust given off by 
certain phosphates (Algeria, Gafsa) during grinding diffuses a bad 
smell which it is iiniiossible to eliminate during mauufacture. 
Ignition alone suppiBEses it, Ooprolites, Carolina phosphate, pebbles, 

' Algerian phosphate give off an odoui' of ichthyocol or of naphthene 
analogous to that given off on heating petroligneons shale, limestone, 
etc. These odours are duo to the decomposition of the remains of 
tile fat of mai'ine animals. More often, however, a penetrating odour 
is given off from phosphates, resulting from the decomposition of 
the remains of slightly volatile organic matter, whicli are 
not decomposed by siilphnric acid except at the high tern 
perature iiuailenlal to thi; mixing process. The.se remains 
form a nitrogenized and sulphurous charcoal, which is then con- 
verted into compounds with an acrid and penetrating odour. 
Certain coprolites even exude a sort of tar during dijing, forming 
up to O'S per Witil of the mass. The above shows how variable tin; 
raw materials are which are met with in course of manufacture. 

Method of Delerminv-uj the Amount of Acid to me in Order t-o 
Render the Phoaphats Sviuble.—h was a long time before an agree- 
ment could be come to as to the quantity of sulphuric acid to use 
to reader the raw phosphate soluble. There was a plausible, 
reason, for the manufacturer had the alternative of completely dis- 
solving the phosphate by the use of a large quantity of sulphuric acid, 
and then the superpliosphate so produced was too moist to be< 
lepread by means of the drill, or of using less aoid and only iucom- 
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pletely liiasolving the phosphate, The difficulty has been got over 
by inslalling superphosphate •Irying machinesj so that there now 
need be no fear in using the requisite amount of acid to dissolve 
the phosphate completely. To ealculate the acid some pmceed in a 
purely eiupirlo manner, hy using 1 ton 4 cwt. of sulphuric acid of 
50“ B. for one ton of tri basic phosphate of lime, and adding the 
surplus of acid necessary to saturate the carbonate of litnc; otlicrs 
saturate two atoms ot calcium with /ifiO grammes of sulphuric acid of 
50“ B. and increase this quantity by that necessary to saturate the 
carbonate of lime and the sesqnioxide, three of Hiilphtirio acid of 
50“ B. for one of seaquioxide; others finally starting fiom the 
analysis of the raw phosphate, use the amount of acid necessary to 
saturate the sesquioxides and the total lime, less the portion of the 
latter inherent to the formation of acid phosphate of lime. The 
last method is evidently tlie best, seeing that it is based on 
theoretical figures ; it was always used for treating guanos, which 
owing to the presence of bibaslc phosphate of lime, were disRolved 
with the greatest ease. ih)t as ah'e.iwly mentioned, mineral 
phosphates often contain small amounts of silicates, which likewise 
absorb sulphuric acid. Brora the foregoing practical men have 
concluded that the Ijest method is to make a tnal mixing. These 
trials ought to be carried out each time on a sufficient amount of 
material to fill the mixer. Accordingly the phosphate and acid are 
mixed by the aid of the agitator and the process is conducted exactly 
as in normal working. The rfinctinn, which takes place in the 
mixing den, does iiuL consist solely in the healing of the materials, 
as one would l>e inclined to imagine, because if that were the case 
the same result would be attained by heating the sulphuric acid or 
even the material on which it acts when working on the small 
soale. In the case of certain mineral phosphates, such as Canadian 
apatite, mixing tc.st trials never succeed, because the phosphoric 
acid formed in the first phase of the operation cannot immediately 
exercise its action on the rest of the phosphate. The ofieration 
drags, the substance remains pasty, the sulphuric acid attracts 
moisture, its action gradually becomes weaker, and, finally, a bad 
quality superphosphate results.^ 

It is thus necessary when new phosphates are to be used, the 
behaviour of which in mixing is unknown, to make trial mixings 
with a larger quantity of acid than that got by calculation, and to 
adhere afterwards to the amount which gave the best results. With 

^ A rough trial test giving uneful indicatioriR tnn.y ho made 'when now 
phosphftteg oi unknown behaviour aie being bought in the slack oettbon by 
treating the pLoaphate with acid in an eartheaware bread pan, not Btirrinfi too 
much and setting aside mth the pan lid on and inspecting Die resalt after 
U hours’ standing in a warm place, If the mixture dries, then it will dry far 
better on the large scale,— 'J'a. 


6 
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Florida phosphate good results are obtained by mcreasing the 
theoretical amount hy 5 per cent. It is easy to underataiid, more- 
over, that the richer the raw material is in {diosphoric acid the less 
it should be over-acidified, because the phosphates of that category 
generally contain little sesquioxides or silicates capable of absorb- 
ing the acid added in excess. Phosphates rich in carbonate of lime, 
such as Somme and Algerian phospliates, stand much acid ; how- 
ever, the excess of acid rarely surpasses 6 per cent of the quantity 
calculated according to their percentage of phosphoric aoid.^ 

If the trial mixing be wcli conducted it gives very satisfactory 
results. The superphosphate obtained should be comparatively 
dry and porous when it is cold. After each trial the phosphoric 
acid, soluble in water, is determined, the free phosphoric acid and 
the insoluble phosphoric acid. Done phosphates arc almost com- 
pletely rendered soluble, But it is not so with mineral phosphates, 
which always leave a small amount of insoluble phosphoric acid. 
This fraction amounts to about Vi for Gafsa superphosphate, 1'7 
for Algerian, 1-4 for Peace River and Pebbles, O' 5 to 1. for Florida, 
1’7 for Carolina, and 2'1 for Teiiucssee (Schucht). Up to now the 
efforts of scientists and practical men have been powerless to 
abolish this loss. The density and strength the acid play a 
certain r6le in mixing. Phosphates rich in carbonate wori best 
with cold acid, whilst those poor in oarhonate refpiire hot acid. It 
has been found, [iioreover, Iluvt the soluble phosphoric acid is better, 
preserved in superphosphates prepared with acid of 54° D, than in 
superphosphates made with acid of 50° B. 

Damp phosphates and those difficult to dissolve require stronger 
acid than when dry and rich In cai'boijate of lime. 

Finally, it is well to bear in mmd that superphosphates should 
contain a certain amount of free phosphonc acid. That has the 
effect of retarding the decomposition of the acid phosphate of lime 
in the soil, and regarded from tliat point of view it constitutes an 
indispensable element of the superphosphate. 

Schucht shows in the following table the amount and the 
strength of acid which it is convenient to use in rendering various 
phosphates soluble. 

^ la the translator’s experience with Somme phosphate, tW to 61! per cent 
CaaPjOj, he found that it invariably look exactly ite own weight oi sulpharic aodd 
caloiUated os B.O.V. He preferred to use add heated to P. Boinme 
phosphate riBo'e much more in the miring den than Carolina, so that it will hold 
nearly twioe as inuoh Carolina super as it will of Somme super. Bel gioat earo 
must he taken that there is no flaw in the closcil steam pipe heating Uie aoid, or 
the acid may gain auuuss to the hiriler. Thu triiuslalor bi.il a ease of iliie eoil 
where the engineer, after riiiniji/' hia bolbr, in (iiiler to eecapa BeDsura, tried to 
blame his weJJ-wafer as being naturally acid 1— I’ji. 
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TABLE XLI.-AMOUNT AMD STIffiKGTH OF ACID EEQUIEED TO 
DISeOLVE VARIOUS PHOSPHATES^ 



OasPsOs 
Per cent. 

Uxide of 
Iron and 
Alumina. 
Per cent, 

Carbon- 
ate of 
Lime. 
Per cent. 

100 lb, of 
Phos- 

quire lb. 
of Acid. 

Degree 

Baume.^ 

Bone aslj .... 

82'1 

0'3 

4-4 

95 

62 

Malden guano . 

72' 4 

O-H 

r2'5 

82 

60 

Aruba phosphate 

78'C 

S’3 

4-2 

100 

52'5 

Cuiaxjao phosphate 

H8'0 

0-1 

7-0 

106 

60 

Podolia cop routes 

747 

5-0 

47 

120 

50 

Carolina phosphate 

560 

2-8 

12'0 

100 

50 

Canadian phosphate . 

76‘8 

3-3 

6-G 

no 

55 

Somme phosphate 

67 '0 

,P8 

10 '2 

10,5 

51 

Lidge phosphate 

56 -rr 

,8 '6 

irj'8 

106 

50 

Ciply phosphate 

40-7 

3'3 

41 '8 

131 

49 


48-2 

1'7 

35-6 

125 

49 


53-8 

1'3 

34-2 ^ 

130 

40 


57-4 

0-8 

29-1 

125 

40 

Florida phosphate 

78-0 

2-0 

4-4 

110 

, 50 

Pebble phosphate 

>68-0 

1'8 

6-3 

100 

,50 

Peace River phosphate 

617 

2-9 

8'4 

95 

50 

! Tennessee phospliate . 

80-6 

3-4 

6-2 

110 

60 


69-9 

2-3 

6-0 

105 

SO 

i Algerian phosphate . 

58-2 

0-5 

20'6 

no 

50 

1 Gafsa phosphate 

66-0 

0^7 

160 

100 

52 

flO-f) 

17 

9'7 

100 

50 

( Clipperton guano 

78-7 

U'l 

67 

100 

52 

Peruviii.n gnano . 

26-2 

0'6 

1'8 

25 

60 

1 Pn;eipL(«Lcd pLoaphate 

32-0 

_ 

— 

,55 

60 

j Steamed bone dust , 

22-0 

0'4 

6-2 

70 

50 

1 Degelatinized bone dust 

31-0 

— 
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^ Such a table Ih yf (xjurue very valuable, but H is betlei' to caloolake all 
ftRiii t,o ■R.O.V. whatever -be the strength used, I'hat keeps the acid account 
correct. At stocktaking the majiulacture then shows a gain in Wi^ht, but that 
is ail to the good, a sort of manufacturer's own private bonus. But If the 
difierent strengths of acid used be all entered at the actual weight taken, then 
there can be no ohoinionl trontml of tlie amount of acid used ; nor if the 
manure [uijjiufacturer makes his own acid of the amount of aeid be has made. 
The general rule is to take the stock of acid in hand, calculate it to B,0,V., 
add to it the amount used in mixing, and take that as the amount of acid made 
in the season, which, checked against the pyrites burnt, say Rio Tin to, should 
give a yield of 30 cwt. B,0,V. per ton of pyrites burnt.— Tu. 

3 (1} 41)'’ B - D _ 1-615 - 103 Tw. (2) 60'’ B = D = USiSO = 10(5 Tw. fSl 51" 
B = U = 1-54C = 109'2‘’ Tw. {4) 52» B - D = 1'663 = 119'6 Tw. (5) 59‘5" B 
= I) 1-572 114'4“ Tw. (6) 66® B _ D - 1'615 = 13B' Tw. (7) 60® B « D 

= I'710 = 142® Tw. Acid in Gmt fij-itain is generally csed as near D = 
1'60= 120° Tw. as praotioaiJe. J0.O.V. is acid ot D - 1700 or 140"Iw.— Tn. 



OHArTliR VI. 

MANUFACTURE OP SUPERPHOSPHATE. 

Thk uiariufHicture of superplionphute compriyes three principal opeia- 
tiong: 1. Grinding; the raw phosphate. 2. Bendering the ground 
raw phosphate soluble by sulphuric acid. 3. The drying of super- 
phosphate. 

GrtTiding Haw Phof^jikatxi . — Raw phosphate should be oarefnlly 
ground, because it is found that the fineness of the phosphate con- 
tributes to a great extent to a perfectly successful superphosphate. 
Thus the powder should not leave more than 10 percent of residue 
on a 70 mesh sieve, and this residue should not exceed the size of 
groats ; it is only at this cost that all the phosphbric acid is rendered 
soluble, Certain phosphates are deliver^ ground, others in lumps 
of the size of the fist. To lend itself well to grinding the phosphate 
should be dry. Florida phosphate especially should not contain 
more than 1 per cent of moisture, whilst Algerian phosphate grinds 
very well with 5 per cent of water. When dealing with phosphate 
drenched with sea water in transit or accidentally in the warehouse, 
it is extended on a drying platform of sheet iroti heated by the com- 
bustion gases [over the flues from the boiler furnaces], In the 
grinding of phosphate at the present day ball-millB- -continuously 
feeding and discharging — are in general use, which owing to their 
strong eonstrnction and their stable working answer well for the 
purpose. In older factories ilatstone mills are frequently used. 
Griffin’s crusher with walking beam has likewise some rare partisans, 
but it is costly and requires froquent repairs which become heavy 
in the end. The material to he introdiieerl into this grinding 
machine ought preferably to be reduced, and for that purpose edge 
runners are suitable. The crusher, with blades— disintegrator— is 
likewise used, but only to crush phosphate in large nodules or rock 
phosphate. These machines will now be Ijriefly described, along with 
the other grinding machines commonly used in the manufacture of 
chemical manures.* 

' But BupecphoBphate and chemical majiures generally were made in Great 
Jjritain by meohanioal meanB for the last fifty yeare at least. However, 
if France wag originally twenty years behind the times in manuie manu- 
facture, Li hae more than made up for it by recent progress. Bat Great Britain 

m 
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(grinding Machines— Edge Burner s. — Edge runners oonsiat 
generally of two atones turning on a circular plate round a 
vertical shaft ; at the same time each stone turns round its own 
horizontal axis, and grinds the material both by orushiug and 
rubbing. The horizontal axes of the two mills are independent of 
one another, and each connected with the vertical shaft by means 
of a hinged crank. The stones can thus be raised or lowered inde- 
pendently the one of the other, The material is fed into the mill 
directly, by the shovel or by an elevator; it is drawn eoutiiiuiilly 



t’lfi. 1, — Vertical Bdg« Runner, 


under the stones by collectors, and when it is sufficiently ground, 
it is evacuated by the automatic discharge, sifted and bagged up. 
Fig, 1 shows a pair of edge runners. Two men suffice to attend to 
the mi! I, the elevator and the silting machinery. 

Flatulone Flatstone mills are built either with the uppei- 

stone stationary or the lower stone stationary, according as it is 
the upper or lower stone that revolves. Mills of the first kind are 

is not standing idle, A maniirR wnrk ni Farres awny in ilic “ Farther Xorth ” 
hasjvwntly been equipped with automatic shifting machinery for removing 
manure from the “ den”.— Tn. 
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used, for crushing very hard phosphate, those of the second kind 
for soft phosphates. The foundation consists of cast-iron columns 
or a hollow cast-iron support, on which the cage of the mill is 
fitted up. The shaft of the mill is sustained by a movable bearing 
with collar ; its lower part rests in n socket. The bearing with 
collar is screwed to the bottom of the mill cage and completely 
protected from dust. The adjustment of the revolving millstone is 



Fia. 2. — Flfitstone Mill. {Lower stone domunt.) 


done by means of an endless screw or by lever transmission with 
screw, and hand fly-wheel.?)) The number of revolutions is 120 per 
minute for mills f) feet in diameter, under which, conditions a mill 
can grind about 5 tons of phosphate per hour, with 20 H.P. The 
mill is fed by a cup elevator and a shaking hoppr, a single work- 
mai^iwith an assistant can attend to two pairs of stones placed 
side by side. The mills .of the same group are generally driven by 
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a smf»l«inain shaft by dirftct oog-wheei gearmg, Genei-ally three 
pairs of stones arc in uscj two of which are at work and the other 
pair being faced. Fig. 2 showe two mills with the lower mill station- 
ary aa:rang©d in a group driven with a common shaft by conical gear- 

ing- 

Dali MiUs . — The hall mill consists essentially of a rotary drum 
enclosed in a double cast-iron envelope and sieves. It contains a 
certain number of balls of different sizes. The inside face of the 



Pig, 3,— Dali Mill on Masonry Foundation, 


bottom of tho drum is lined with smooth plates of hardened cast- 
iron or of caRt-.steel. The circumference consists of triturated plates 
of ca«t-steel, and of such a sliape that it creates a fall between two 
consecutive pieces.- It follows that during revolution the balls fall 
from one plate to the other, and roll during the interval tetween 
two falls. Grinding is thus ellected, by the shock ol the balls and 
by omahing. The substance groiind in the hall mills passes through 
boles in the triturating plates and falls on a first sieve, called the 
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protection sieve, which retains small fragments of material and only 
allows particles of a ccidaia fineness to pass thiough. The fine 
grains then fall on a second sieve, which is the outside sieve, the 
wire gauze of which is selected according to the degree of fineness 
desired. The powder of the desired d^ree of fineness passes through 
this gauze and falls into the discharging funnel at the bottom of the 
machine, where it is bagged up. The cores from the two sieves are 
collected inside the mill by two openings arranged for the purpose, 
and again submitted to the action of the balls. The mill is fed 



Pig. 4,— Ball Mill on Masonry Foundation— the Sieves exposed. 


through a hopper fitted over one of the bosses, which has helicoid 
hladfiR. J)uring rotatioii of the mill thesfi bring the lumps into the 
interior after the style of an endless screw. The wioughL-iron 
cover is conneoted by a cloth jacket with a ohitTiney which maintains 
the pressure of the air in the cover in equillbiium and evacuates the 
dust which is given otf during grinding. The weight of the balls 
varies according to the nature and quality of the material to be 
ground. The mills in general use have a diameter of feet and a 
section 39', 3 inches. The charge of balls is 1 metric ton. These 
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naturally wear. It has been found that in gi'inding Florida phos- 
phate forged st«el balls lost 1 kg. (2 '2 lb.) in a year working day and 
night whilst cast-iron halls lost 420 grms, (nearly 1 lb, : 0'924) in 
twenty-four houra. Their weight must thus be venfied from time 
to time. To start the mill it is turned empty for half an hour to 
see whether the bearings heat. Then only is it charged with balls 
-and phosphates. The drum ought always to be sufficiently full of 
material to be giviund so that the falling balls produce a dull or 



Etc. .5, Rail Jlil] on Moflonry t oiinds-tion— the Trituration Rla-teis expseii. 

-deadened sound. Consequently, as soon as a bag of gi’ound material 
is taken from the mill, it is fed with another tlirougli the hopper. 
When the mill has not .siiffioient feed its output is small and the 
workman is tempted to inetmse the load of balls, which has many 
■drawbacks, The outside sieves arc mounted on marked oak-frames, 
which prevent them being inverted, for they are not interchangeable. 
'To stop up gaps or tears the simplest way is to glue jiieces of calico 
above them with fish glue. Diu'ing stoppages the inside of the 



screws, they arc liable to become loose under the trituration to which 
they ai'e exposed. Care must be taken to keep tlie sieves in perfect' 
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condition. If the ontpntof the in ill deo-reasee, the Inside and out- 
side of the sieves must he speedily cleaned. For that purpose the 
double envelope must be removed by a chain and counteipoise. 
In finding wet phosphate the sieves get choked and they must he 
replaced by new at close intervals. It suffices in oi-der that the 
phosphate.^ can he rendered soluble that they pass through Nos. GO 
to 80 , mesh sieves, according to their origin and their nature. Thus 
Algerian phosphates and Carolina phosphates are passed through a 
No. 60, whilst coprolites, apatites, and Florida phosphates bust pass 
through a 70 mesh sieve. Cuanos and bone phosphates do not 
require to be ground so fine, owing to their aipillarity, which lets the- 
sulphuric acid penetrate easily into the interior of the granules. 
It suffices to pass them thi'ough a No. 50. 

T/iet of the sej:»ar'Ate pieces forming Krupp’s Ibrll Mill. 


a Triturating perforated plates. 

«' Collar sorewE. 

Chimney plate, 
ft* Chimney cover, 
b Lateral plates (feed eide). 

6‘ Lateral plates (rear Ride), 

It Screws of lateral jilates. 
c Coarse screen. * 
e} Screw of Rame. 
d Fine sieves (frame and cloth). 

<j Screws of sieve frame. 

« DLsohargieg faimel of dust cage. 
/ KevoIviui' blades. 

/* Blade screws, 

P Protection screens. 
f Support of coarse screen, 
g Opening for the return of 
material. 
h Feed hopper. 

A' Screw of hopper leg. 
k Feed and bass. 

Screw of feed hoRS. 

I Column supporting hopper. 

Z* Hear column. 

Z* Gearing colnmuB, 


u Damper. 

/; Anchor plateK, 
r Cog wheel, 
r* rinioii, 
r- Fixed pulley. 

)'■* Loose pulley, 

Case for same, 
r’’ Liihriciifor. 

K Dll at cage. 

Wooden supports, 
s- Ck)llectinu hopper and pipe. 
f Anterior lateral side. 

0 Lateral poaleTioi side with man- 

e Manhole lid. 

0 Cog wheel shaft. 
ic Main shaft. 

X Frame work of dust cage. 

Comer of the frame work. 

IJ Aeration chimney. 
if CuaiKe ftloth onion. 

? RearbosH. 
r’ flcrcw of boss, 
r* Fixing screw. 


As already mentioned, the hall mill is surmounted by a chimney. 
This ends in a dust chamber on the floor a.linvR; this chamber is 
itself provided with a ventilating pipe on the side opposite to that 
of the mill. When the chamber is not sufficiently well ventilated, 
the entrained steam condenses, the dust becomes wet, and the 
wood rots. It is, therefore, well to cover the sides with a coat of 
tar. In Iront of the chaml»r, that is to say on the spot where the 
dust colleetis, .start two pipes closed by dampers, through which the 
dust falls into the grimling-room. It is, likewise, advisable to add 
a fan to the dust chamber, so as to renew the air in the grinding- ■ 
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room, gi'efttcr giwuititj of dust then coJIeels in the Cham be/, 
which then iegiiifcs more frequent cietiuwg out, A hn making 
200 revolution B suiiices for two ujills. A halt mifi f)| ft. I'equfres 
20 H.P.; it grinds tons of Ebrida phosphate, so as to pass 
through a 70 mesh sieve in twenty- four hours. It works contin- 
uously, and yields in a single operation a sifted and ground substance 
without other preparation than previous “cracking” up of the 
phosphate so as to reduce it to lumps the size of the fist. 

In certain cafios, specially in grinding basic slag, particles of 
iron may remain in the mill, whicli cannot be groutid. They are 
removed througli air opening made in the side which in normal 
work ia closed by a lid which can be replaced by a discharge grating, 
''L'hft distance between tlie. bars of this grating being inferior to the 
normal diameter of the balls, it suffices to give a few turns io the 
mill to evacuate the residual matter. In large-sized mills a man- 
hole, fixed in one of tlie checks, enables the interior to be inspected. 
Ball mills have been the subject of many improvements. Those 
made by the firm of F. Krupp, Gnissonwerk, Magdeburg, are of 
such solid construction as to stand any test and work for years 
without any repaim. The construction of this machine requires, 
in fact, a powerful equipment and select matenals, conditions to 
which sixth-rate con stnio tors can make no pretension. 

Pfeiffer's Mill zoilh Combined Air Separator.- -Thh ball mill, 
amongst those just described, is the most interesting owing to its 
■oiigiiiality and its great working capacity. But its yield is per- 
force limited by the simulhineoiis sifting of the ground material; 
it gradually dimiiiislies the fiucucss of the sieves, the surface of 
which is, moreover, too small compared with the work of the mill. 
Moteover, if the mill 1x3 overfed, the substarce treated penetrates 
into the cavities of the sieve before being reduced to the desired 
fineness; the sifting is then retarded as well as the normal work of 
griiidiug. But alhiir-s are radically altered if the powder be sifted 
separately. There is then no obstacle to the enlargement of this 
iiiacliinc. This improvement has been effooted by the firm of 
Pfeiffer Brothers of Kaiserlantem. By combining the ball naill 
with an »ir separator tliey have succeeded in creating a system of 
grinding remarkable for its great simplicity, and in increasing con- 
aidcrably the useful effect and output of the mills. The eonstruc- 
tion of the machine differs from that of the ball mill in the following 
■tietails. The grinding- stages are comparatively small, each consists 
■of a single piece of crucible cast-steel made with particular' care, 
they have no slope.? no)' orifices of any kind to weaken them. 
Consequently they maintain their iiieclratiical resistance to the 
last stage of wear and tear. There is no fear with this macliine of 
the balls plugging the escape orifices, besides there is no need to 
enlarge these orifices by a rimer, Tiie good cx)nstruction of the 
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triturating plates and the quality of the metaJ used render them 
almost everlasting. The elevations (? incline) from one stage to 
another are fitted with oiificcs which allow the eufiSciently ground 
material to escape. These orifices can be regulated from the out- 



Pio, 10.— Section of I'feiffer's Cnisher-Sepmtor, 


■side. They maybe contmcLed or enlarged as required, so as to 
reduce the material to the required degree of fineness. As in 
■ordinary ball mills, the wrought-iron cover which surrounds the 
drum ends in its lower part in a hopper ; this collects the ground 
material and leads it to a cup elevator, which conveys it to an air 
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sepai'atoi', generally placed above the mill. In this ait separator, 
the fine flour is separated from the grains by tneans of a current 
of air produced in the machine itself and circulating there. The 
machine has only three orifices, the feed entrance, and the exits for 
the granular material, and for the flour. It requims neither sieve, 
dust chamhor, nor auxiliary apparatna of any kind. The separator is 
shown in section in Fig. 10. The machine is constructed of wrought - 
steel, and consists of a cylindrical envelope with exterior cone and 



pjfi, 11.— Perspective view of Pfeiffet’a CruKiier-SKyursluT. 


an interior cone irranged at a certain distance from the other. 
The ventilator (/ is driven by the shaft /. On the samo shaft, 
below the ventilator, are two plates, b and d, which receive the 
material from the feed funnel a. In consequence of the rotation, 
the distributors y project the substance in all directions, and .the 
current of air produced by the ventilator passes from below, up- 
wards. The force of the current raises the fine particles and 
carries them in its train through the ventilator, and projects them 
against the exterior side, whence they fall into the exterior cone 
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and issue from the central aperture. The larger granules contained 
in the material which have traversed the current of air, without 
being carried away in its train, fall into the intmnr cone and issue 
by the lateral pipe,, to repaas into the mill if need be, , The air 
returns naturally to the space below the distributor, so that the 
separator works constantly with the same amount of air, and so as 
to disengage no dust. The rods, with pins, to be seen on the covei' 
of the separator, serve to raise or lower the annular obturator 
which regulates the degree of fineness of the substance. The force 
of the current of air diminishes in proportion as the obturator is 
raised. By these simple means, any degres of fineness can be 
secured. Once regulat^, it works without inteiruption and super- 
vision, and always gives a very uniform product. The ground 
phosphate can be bagged up directly or conveyed to silos, etc., 
whilst the granules return to the mill to be further ground. 

Jaio-break&r Milk, Craakiruj Mills . — The jaw-breaker mill 
shown in Figs. 12 and 13 consists essentially of two jaws, a and A', 



of hardened cast-iron, dented or smooth. One of these jaws A" is 
fixed on the anterior side of the framework, the other A' is mobile 
and fixed on a jaw- holder which is animated by a to and fro motion 
round its axis /. This motion is transmitted by the excentric 
driving sliaft c, through the intermediary of the excentric crank 
B' and of a folding lever, formed by two hinge plates, BB, applied 
one on the framework in d and the other on e on the lowca’ part 
of the movable jaw-holder. To avoid shocks the latter is joined 
in an clastic uiaiiner with the crank B, by means of the spring fj. 
For each revolution of the shaft c the space A comprised between 
the fixed jaw-blade and the movable jaw is contracted, and its 
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minimum aperture ^etcnnines the size of the crushed pieces. The 
angle of the aperture of the jaws is easily adjusted by a very simple 



regulating arrangement, according to the nature of the matsrial to 
be ground, and the degree of fineness required, The size of the 
pieces may vary from 2 to 7 cm. in section, with a proportion of 
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core, which depends on the degree of friability of the material. 
The hinged plates BE form safety pieces, they avoid all sudden 
shoch, such as would be caused by the passage of a hard body, 
a piece of iron, for example, and then yield without any of the 
essential part of the ifiaehine being damaged. This mill is used 
for the preliminary crushing of rock phosphate, or phosphate in 
nodules of a certaio size. It is fitted with two very powerful fly- 
wheels, which ensure regularity in working. A crusher of this 



Fio, 15, Doubk Roller Mill. 


sort making 200 revolutions a minute can crush 5 tons of phosphate 
an hour vfith 3 H.P. Hand cracking, formerly in vogue, is now 
only adopted occasionally, when the quantity of phuspbrte in large 
lumps is not enough to warrant the use of the engine. 

Toothed Roller Milk— To emsb gre,en (raw) bones for fat ex- 
traction simple and double mills are used with toothed steel rollers. 
Tlie rollers of the simple mill consist of a certain number of steel 
discs fitted with teeth, and of united intermediary rings iu juxta- 
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positWQ, in such a mannerthat the teeth of one of the i'oIIotb eorre- 
sponds to the rings of the other. The discs resist any teat and are 
readily replaced. The distance between the rollers can be regulated 
j^ocordiiig to the size of the grain desired, by means of a regulating 



Fiii, 16,— Stamping Mill, 


■screw fitted with a spring stud. This machine reduces the bonea 
to the size of a nut, mixed with granules [? inch bones], which are 
separated by sifting. The dniihle mil i compriseB two pairs of rollers 
in a strong lateral framework. The uppw pair is provided with big 
teeth and turns at a less speed than the lower pair, the teeth of 
which are finer, 'I'hese double mills take bigger bones (whole ox 
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or horse heads} than the simple mills. They thus grind finely 
which is an .advantage in making gelatine, when it is desired to 
make as complete an extraetinn as possible and to obtain gelatine 
of good quality. The output of these machines is about I J tons of 
crushed bones per hour. 

To grind degreased bones cast-iron stamping mills, htted with a, 
steel grate in the bottom, and on the longitudinal side with wrought- 
iroti sieves, are used. The hncncss of the holes in the grating and in 
the wrought- iron sieves depends on the fineness of grain desired. 
Stamping mills are of 1, a, 3, 4, G, 8 or 10 stamps of 1 cwt. to 2 
cwt. ; their yield per hour ia about ^ ton of inch bones, 

DmnicyTaion—Mtlh v>it,h P&rciission, Blad^ Fitted in Cimilar 
Ueml'ViHg Bosn.—For gilnding raw bones, dried meat, and blood. 



disintegrators are used with advantage. The mill consists essenti- 
ally of a framework with vertical grinding cage, in which a boss 
fitted with blades revolves at great speed. TTie cage consists of 
two lateral sides and of a cover of wrnught-u'on, and a semicylin- 
drical grate in two pieces, ot- completely cylindrical in four pieces. 
The latei-al sides are lined in side with grooved plates of haidened 
cast-iron. Accoiding to the size of the mill the material to be 
ground may be in fragments of the size of an egg to that of the fist. 
When it is fed tiirough the hopper it is seized by the blades and 
projected against the grinding plate and the steel bars; it thus 
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undei'goes very enei'getic grinding ; wljen it is reduced to the desii-ed 
fineness it passes through 
the bars pf tlie grate as a 
piilvenilenfc product con- 
taining more or less core. 

For a -width of | of an 
inch the yield per hoiu- is 
about 2 tons of degreased 
bones. ^ {Sec pp, 173 et 
stq.) 

iterator, V.— Cup ele- 
vators are generally used, 

GaH'swroughfc-iron chain 
and Ewart's chain de- 
serve notice. These con- 
sist of small elements 
moving one witliin the 
other after the style of 
a hinge. Tjeablier belts 
and rubber belts are only 
used exceptionally. The 
cups are of wrouglit-iion 
and furnished in the front 
with a steel armature; 
tliey are acrewal on the 
elevator. The-Ii- dimen- 
sions vary with the size 
of the factoiy. Cup 
chains are generally fitted 
with a tight cover, enclos- 
irig tlie -whole machine, 
and thus preventing the 
disengagement of dust iu 
the factory. This cover 
comprises a cast-iron food 
vessel with the top part 
of wroiight-iron, and two 
squarewrought-ironpipes 
carry i ng at their npperex- 
tremity a hood or coping 
of wrought-iron fitted with 
a discharge pipe ; wooden 
feed vessels and cnvei-s 
may he made on the spot. 

P’k?. 1 8,— Cup-ehsin Elevator. 

’ IhiB output abnormally high even for flf>«reiusal bonca through such a fine 
sieve, seemg quite out of the question lur raw bones. Bone grinding to snoh fine- 
ness tK II, tedious process. These machines, moreover, are like *' short tlisUucc 
sprinters ’’—they soon fall out of gear, the belt comes of! or breaks, the 
machine is blocked or ihe blades are smashed,- Ta, 
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— The sieves iiseti in the chemical manure trade are of 
two kinds, viz, sorting sieves aud sieves for fine floor, The 
sorting sieves are combined with the coarse crushers and serve 
to sort the crushed material ; what passes througli the sieve is 
taken to the mills to be reduced to a fine powder, whilst the core is 
returned to the crusher to be again crushed. Machines of this nature 
are conical or cylindrical. They consist essentially of an axis, 
which passes through their entire length, a,Tid carries iron stays, on 
which a perforated sheet- iron sieve, more rarely a metallic wire 
gauze sieve, is mounted, the, meshes of which Have a section varying 
wltli tlie nature of the material to be ground. They are fitted witlr 
a feed hopper and a discharge pipe, 

The second class of sieves are more especially used for the 
sifting of the flour produced hy the mills. They are also used to 



Fio, Silting Machine (dmen dirait, enclosed in wood cover). 


sort bone dust. The matter which passes through the sieve is 
bagged up, whilst the core is returned to the mills to be reduced 
to the desired fineness. As this material gives otf much dust the 
sieve is generally covered in. Discharge pipes pass through the 
bottom of the cover. The construction of this machine varies 
accoiding to the nature of the material treated — with suhstanecs 
easily sifted, the cylindrical form is used, whilst with substances 
which pass through difficultly, a hexagonal sieve fitted with a beater 
is used; the frames of the sieve are interchangeable and easy of 
access. Eig, 19 shows a sifting machine, driven direct, with 
wooden cover, constructed by Krupp. Besides these cylindrieaf 
sifters, shaking sieves are also used, comprising one or more flat 
sieves lodged inside a cover.. Tlie cover rests on springs or is 
suspended or driven by a crank shaft. 
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FUter Pm, The filter press is capable of interesting applica- 
tions, not only in the manufactiu-e of double superphosphates and 
precipitakd phosphates, but also in the ticattnent of ra-w phosphates, 
in view of their enrichment each time that they have to be washed 
or mixed. 

After mixing, the materials have a semi-fluid, non-pasty con- 
sistency. It is, therefore, necessary to separate the solids from 
the li(}uid mags in which they are suspended. The old decantiitiou 
process gave good results. But it is easy to understand that the 
enormous quantity treated daily adapted itself badly to such an 
extremely slow process I’enuiritig numerous vessels and consuler- 
able apace, Tn well-organized factories at the present day, a rapid 
decanter answers an urgent want. This rapid decanter is 
nothing more nr less than the filter press, the yield of which is 
twenty times greater than that of the old process. 

Under a small compass the filter press is, therefore, an apparatus 
presenting such a filtering surface that the solids and liquids are 
automatically and inatantaneously separaterl, This apparatus con- 
sists essentially of a certain iuml)er of wood or metal plates 
separated by hollow frames, in wliich the solid m.atter aggregates 
as more or less compact cakes, whilst the liquid is pressed oiiteide, 
pasalng through appropriate filter cloths. 

'L'he filter press is fed by a pump which propels the mud into 
the filtering chambers. The chambers are made tight by the pres- 
sure system of the tilter .and by the packing which the filter cloths 
give between the different plates when the latter are pressed in 
the centre. As regards the flltiatiou of phospliatic nmierial, 
manures, etc., the filter presses ought to exhibit such peculiarities 
of construction as to ensure the flow from the material without the 
formation of channels during the course of the operation . On the 
other hand, when the cakes are formed in the frames of the filter 
presses they still contain a certain amount of mother liquor. To 
obtain pro<lucts as pure as possible these cakes must be washed 
thoroughly to purge them from the liquids which they contain. 
The filters should be so arranged that this operation of washing is 
th oronghly and absolutely effective. The “ Eta hi i ssem ent des Filtre 
Philippe of Paris, with whom the author has had business relations 
for more than twenty years, has specialized for many years in the 
conatruetioTi of spc-dal filter presses for manures. Its make 
exhibits all guarantees for good working according to the nature 
and consistency of the products to be treated.^ 

Mixing of the Phosphate with Sulphuric Acid . — As already 
mentioned, tiifl phosphate was formerly rendered soluble in pits, 
where the acid and phosphate were hand-mixed with suitable tools. 

^The hesl; duck (cotton) fabric will oat stand auix-rphospliate liquor a day. 
The wiifer fonud a wDolien blanket to stand well.— Tn. 
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In other words, they wrought like masons making mortar. But for 
thirty years this work tias been done exclusively by mechanical 
means, which enables the work to be done more mpidly and in 
larger quantities at a time. 

Consequently the mixing pit has been enlarged so much that in 
its new form it constitutes the chamber, or more kmiliaiiy the “ den " 
or “house” in which the phosphate is rendei-ed soluble. This 
chamber is closed, and care has to bo taken to eliminate and render 
moficnsive the toxic gases which are disengaged from the material 
during its decomposition. 

To mix the acid with the phosphate a “mixer" oi' mixing 
machine is used, coustracted and installed thus: The mixer con- 
sists of an egg-shapd pan Pb metre wide at top (say 64 in.), and 
1-20 metre (say 18 in.) wide at bottom, fitted with two discharge 
doors, with lever and counterpoise, which enables the mixing to i)e 
run into fl.n enclosed space, ca.lled the decomposition chainher (“ den ’’ 
or “ house "), which is built on the ground floor or sunk in the ground. 
In the pan a vertical shaft turns, driven by cog-wheel gearing, 
and carrying blades of a special form arranged in a helicoid 
manuer; tliesc lift, throw down, and triturate the mass, after the 
style of a plough as it works the ground, and prevent it at the 
same time from Ire-hig deposited and atteclied to the sides. It 
suffices to pull the bent levers to open the discharge doors, and 
thus let the liquid a piim fall into the decomposition chamber 
(“den” or “house"). 

The work is easy and rapid. The pan is made of cast-iron, with 
2 per cent of a special alloy which renders it very insistent to acid. 
The arms of the agitator and the blades as w’ell as the valves are of 
caat-stecl. The mixing shaft makes sixty turns a minute ; the mix- 
ing is triturated (churned) until the pulverized phosphate is intimately 
mixed with the acid. When the ground pliospliate is too coarse to 
j,iaas through a 70 mesh sieve the mixtiii'e remains longer in the 
liquid state, and then the leiiglli of time occupied in mixing must 
be prolonged. The acid, contained in a lead-lined tank, is diuwn into 
a moasuring fiiink hy turning a valve; it flows through a inch 
lead pipe into the mixer in the form of a shower of rain. At thc 
same time the cnished phosphate — previously weighed and laid on 
liacks on two inclined planes to right and to left of the mixer — is run 
into the mixer. In certain factories the phosphate is brought to the 
mixer by an elevator, and received in buckets by means of which it 
is run into the mixer, The bags retain about I per cent of phos- 
phate in the fabrio, The mixer can take a charge of 225 to 250 
kg. (495 to 550 lb.). Whim the phospb,ate is rich in carbonate of 
lime the mixture froths and threatens to prime. Such a mishap 
is obviated by diminishing the amount of phospiiate. The acid and 
phosphate ought to be run in simultaneously and never after each 
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other. The mixer works eorttinuongly ; no slop is made except in 
case nf a breakdown. When one “ mixing ie finished the sides of 
the mixer ate rapidly dusted with a little phosphate to 'neutralize 
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the mixer lasts minutes; agitation takes two minutes, accoixiing 
to the nature of the phosphate; discharge takes hitlf a minute. 
The “ den ’’ may be filled to | of its height ; the vacant space serves as 
a regulator for the evacuation of the gas. The decomposition of the 
phosphate by acid is effected not in the mixer, but principally in the 
“deu” or “house”. Cold acid ia used, i.e. acid the temperature 
of which varies between 25° and 30“ 0. (77° to 86“ P.), and of a 
density between 50° and 55“ B, (i06“ to 12;l“ Tw.). When the 
acid is at a lower temperature, the mixing does not heat enough 
to drive off the water, ami yield a dry superphosphate. When the 
acid is too hot the mixing thickens too much in the mixer, in which 
case the acid may be further diluted. 



Fift, 22.— A. Mixer. E. Coanterpoise. C. Gas Eseaie J*ipc. H. Cnp 
Elevator bringing the flaw l’lio?phate. E. Phosphate Reservoir. F. Palaiice 
for Wfighing the Phosphate, G, Screw Conveyor. H. Fed Hopper, I. Arid 
Measuring Tim k. KK. (indergroond Conveyer. L. Exit of Toxic Gases. 


Owing to the gas given olli f he thick liquid effeivesces, and foims 
air-bells which rise to the surface; at the same time it heats up to 
120“ to 250“ C. (218° to 302“ F.). Gi adna lly it settles in I he “ den,” 
and after an hour it sets. An addition uf doloinile caibonale of 
lime plus carbonate of magnesia keeps it liquid for seme time 
longer, so that the water evaporated is then much greater.' 

All the heat given off by the reaction ought to be utilized with 
that. end in view (carrying off the water), It is only when this is 

’ A more valid iiniion for the greater drynese, if any, appears to he that 
magneBium Butphate cryBliUliaeu with Geven moleculffl of water, and that is 
an effloreaoent salt, not a detiqueaoent one. However, it ie not uBtal to Bend 
a Ttinmirc drier up the cups,— T r. 
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done that perfect solution is realized, and that a superphosphate 
that will behave well on subsequent manipulations is obtained. Of 
recent years attempts have been made to use hot sulphuric add and 
inject hot air into the chambor, so as to render the phosphate 
perfectly soluble and to start the drying of the snpiqjhosphate, so 
as to simplify the final operations. But the results olitained wei’e 
not satisfactory. The opinion of certain specialists may be endorsed. 
Such experiments will never be successful, because it is irrationalto 
exceed a temperature of 100" C. F.) in the “den ” except in 
the case of phosphates of very good quality of which there is no need 
to fear retrogradation, 1 1 is be.tter to leave tlic substance to itself dur- 
ing its chemical transformation and let it be settled by insensible 
gradations. Experience shows, moreover, that the injection of hot 
ail' into the mass gives it the consistency of mastic, and tbat the 
manure manufacturer always tries to avoiil, knowing full well that 
the porosity of the superphosphate is the best condition to realize for 
subsequent operations. 'The construction of the decomposition house 
or “ den ” is not very complicated, The walls are two-brick thick ; 
they are covered inside with a, coating which resists acid. To con- 
solidate them and pi-event them yielding under the pressure of the 
mixing, they are fortified by iron T pieces, «fixcd to the base by 
masonry, and joined to the roof by cramping irons. The roof 
•consists of iron T pieces, throe feet apart, laid on ilio walls and con- 
nected together by iron rods or arches of masonry, the whole being 
covered by a coat of cement. All ibe. ironwork is covered by paint 
to resist acid fumes. Tlie house is fitted with a solid oak or pitch 
pine door consolidated inside by planks placed crosswise in the 
glitters. The chinks of the planks and the door arc luted with a 
paste of clay so as to prevent air penetrating. • 

In the early days of manure manufacture only one “house” 
was used, and the mixer was installed in the centre of the ceiling of 
the house; then two houses were installed with the mixer stride-legs 
between them ; finally, la. ter on, four houses have been built and 
the mixer placed at the crossing of the party walls. This plan gives 
excellent results. The mixer in that, case is fitted with 4 discharge 

' The great difficulty with the dours is that the acid eats away the bolts of 
any opening handle, ; the men must then perforce lever it open hy thepick. The 
result is tliiit where the pick is applied a chink is formed wliieii jfriMlually 
But it is not ao.iSBof air2)(ju(;n'a({«(7 mtn tJie ?«»«•«, 1 ml of fnmes from 
the miser or house escaping into the air through chinks. Both the district 
authority and the Local GoYernment Board In Great Britain wonkl at once 
pioaeed against any iiiaiiufactni'ev letting the fumes (rsca?;e into the air. [f 
limans he Uken to preveat the escape of fumes, then it followe, yic-r contra, that 
rifi B.ir mn gain acoe-ss, because the pressure from within oLilwiu-da is far greater 
than from without inwards. The air cannot iieneliute until the gaseous fumee 
have condensed, and th''n the quality of thonmnuve from that batch is fixed and 
determined. It is not adyi sable, however, to open the door too soon, unlese in the 
-case of hurried mixing specially. The doors are best of pilch pine.— Tn. 



MANUPAGTUBE OF SUPERPHOSPHATE, 10& 


(looi'S eAf.li of whi«h empties into a house of its own. Each “ den ” 
ha.s a eapaciljy of oO to 100 tons, according to the size of the fiietory. 

AUcmpts have been made to find methods of remlei'ing phos- 
phiiie soluble more rapidly and more completely than by the pro- 
cesses actually used. To accomplish this the phosphate is red need 
to a very fine state, i.e. to pass through a No, 100 sieve, A pjkste 
is made of it hy drenching it with water or with acid of 10“ to 2if B. 
■and finally adding the rest of (lie acid at 60“ B, But this process 
was soon abandoned, for the action was too violent and the metal of 
the mixer was attached l)y the acid. 



i'lo. 23. — Toxic Gas CondfinfiBrs (Bairker a,ii(] Ilaiimwiti's Systera), 


Attempts have been made to render phosphates soluble by 
mixtures of liydrochlorio and sulphuric acids without any great 
advantage. The superphosphate contained O'HO per cent of hydro- 
chloric acid which rotted the bags, besides the mixture of sulphuric 
acid and hydrochloric acid attacks the metal. 

Evacmimi of the Toxic h'umes. —The) gases forujed in the 
superphosphate “ dens cannot he allowed to escape into the atmos- 
phere without being purified, iti consequence of their bad smeli and 
corrosive action. They arc generally passed through a wash tower 
by means of a fan. Benker and Hartmann make very simple 
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matallationa and use for this purpose indestructible fans with washer 
puri fiers which purify the gas oomiil etely , The fans should be rather 
powerful, so that the amount of air drawn into the “ den ” during 
discharge is sufficient to allow the labourers to empty the “ den ’’ 
under good conditions, b'ig. 2d represents the tower constructed 
by E. Benker and E. Hartmann, It has several compartments and 
no packing, The gas penetrates into the first compartment, and 
ascending it meets a jet of water in the form of rain, produced hy 
ebonite pulverisers (Kestner Lille). Erom the first compartirifint 
they pass into the 8eo07id through the top, from the second they 
pass into the third through the bottom, and so on up to the seventh 
■compartment, when they are exhausted, 'J'he silicic fluoride is de- 
composed by water into silica and hydrofluoric acid ; the first can 
be separated hy the filter press and , the Fseeond can be concentrated 
to 12 to 15 per cent by volume and by mixing with alkaline chlorides, 
or even sulphates into the corresponding fluosilicates, which find 
a use in opaque glass manufacture and in flux eiiamelling.' 

^ The trinslitor thinks it advisable to offer here a few criticisms oa the 
method o( making superphosphate as described by the author. First of all, 
the measuring tank has to discharge Itself before it can be refilled, so the le- 
fllling fl'incot start before the phosphate is all in the mixer. However, it is jnst 
possible, tiint i(, can be lefiUed in ttie two iiiiiintoK tifken up io ountinuiug the 
mixing process, after all the aeiJ and phosphate are run into the mixer— that 
is to say it no hitoh oeoure. But if the eaine principle were adopted, with 2 to 
2^ ton mixers, aa used in Great Britain, and the agitation prolonged, in aceord- 
anoe with the weight of the mixing, then a 5 ewt, mixing taking two mlaulcs’ 
agitation, a <10 cwt. mixing ought to take twenty minutos, whereas it is shot into 
lh';“d’ui’' idiortlj ti.fter the last ba.gianji the mips and l,lin last, drop of anidiun 
in. When the mixer ia huid-fed and the lid removed, llie fumes esutipe into the 
air of the building, and that i.s hnd for Pr; men at work. Again, a cast-iron 
mixer is a dcitd-weight on the boundary wall between the two “ dens,” and these 
eaten away hy addare none too strong. Again, in Pig. 2‘2 the phosphate should 
all be weighed before it is shot at the foot o 1 the cups, and the elevator should 
thon disch-uge right into the mixer, and the spray of arid and the spray of 
phosphate should meet at the same 'spot. Than with a horizontal instead of 
a voH,i(«i.1 mixer a wooden lank lineti witli h Ih. lead can bis ueed. Theoiily ratal 
is the mixing shuft and bliitlcs and Mie gim-mefcul dmcliargcBluiuc valves. 'With 
such a mixer, to take tons rtf Rujierphoaphati!, the mixing sfts.ft is best made 
in two pieces, and the middle uxliciuitioa ending in piujcetiug studs turned in a 
lathe are screwed up with bolts and nuts. Then il one-half of the shaft break, 
(he oilier part can lemaiu in sif», and the whole shaft need not be recast. But 
care must ho in.ken tint the two hn, Ives revolve in perfeot Rynnnelry. AgA.in, 
it is a very awkward thing to empty a vertical mixer wlieu il suls. AH that haa 
to bo done, with ii horizontal le.ad linrsd mixer is In Twnovo the (1onRe| linaTck hy 
which it is covered ami set a man at work to dig it out, and if the mixiT is near 
the eaves all that he has to do is to remove a tile or two to secure ventilation. 
But in a vertical mixer, were it not for the tiny mixings described by the author, 
it must be a more than ordinary trying task. Coming now to hot acid verens 
cold acid; some phosphate can be mixed very well with acid, e.g. Carolina 
phosphate. Rjt Somme phosphatfi requires hot acid, ami the tiansktoi found 
it advantageous io keep n 10 ton tank at 140“ F. This he dilutwl with water 
as mixed as the author suggests, aomme is not in any way the beau ideai of 
a raw material,— T e. 
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CKUSHlNO.SfFTlNrt, DRYiNa, AND BTOBIKU OF SUPEBPHOSrHATE. 

KETilOGHADATION. 

Empyiiig and Shifting the SuperphMphat6 iloim or " — 

Emptying the superphosphate “ dcu ” is sLill clone in a primitive 
Tuaiiner, which consists in charging the superphosphate with the 
shovel into the receiving vessel of an elevator or into half-ton 
wagons.^ The latter are run towards a crane that lifts them and 
spreads their contents over the heap from a certain height. In 
default of the elevator the heap could not be raised high enough 
and more capacious warehouses would he required. 

Another method of shifting the superphosphate out of the houses, 
consiate in emptying them frona below. In Umt case tho house is 
built over a sort of cellar, in which the material drops on to an end- 
less belt 20 in. wide, through holes in the floor covered by iron lids. 
The belt drops the superphosphate on an inclined plane ending in the 
receiver of an elevator, wlnoli tlischarges the fiuper]>hosphate either 
on the heap or into a Carr’s disintegmtor, or into a jigger, according 
to the method of working adopted. The best plan is to give the 
.elevator a certain slope and use eoniparatively large cups, because 
fresh superphosphate ought to be pressed as little as possible, other- 
wise it is converted into a gluey massdifScuU to manipulate and to 
dry. The emptying of the auporphosphate “ den ” is not exactly a 
pleasant job, oven if the heat and the gases, still persistent there 
and disengaged when the siiperphosphate is displaced, Ixj not taken 
into account. The workmen are therefore obliged to work with 
aspirators, the sponge of which they should keep moist, so as to 
prevent any accident, The superphosphate ought to be extracted 
from the chamber whilst it is still hot, so that the vapour may he 
eliminated and not oondenso by cooling. If the superphosphate 

Vl5at in ■working even on a lairly large bchIo, in Great Brltalu the 
work ul ahiiHog is sometinros still dons by barrow, plank, nnd gauK esok. One 
man “gete ” the stufl with the pick, two men fill the barrow, a fourth or fifth 
man, if need be, whepls it nn the grouiid at first, then up a plank, and when the 
plank is too ateep the barruw niuii cense to ply their hairo'ws pd take to gang 
sacks, their beads and shoulders being proteerted by a “ basking ” cap or at a 
pinch by a sack,— -T k. 
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has beec well made it soou crumbles when exposed to the air; if 
badly made it forms lumps which do not cnunbie in the air, and 
the outside of which is damp from free phosphoric acid, whilst the 
inside forms any nucleus of neutral phosphate of lime : this occurs 
when too strong acid has been used. The core, siftori rrom the 
material, is dried in an oven if it cannot be cruslied in a Carr’s 
disintegrator. 

In a general manner the reaction wliicli super^rhosphate under- 
goes during the process of being rendered soluble, and which consists 
in the pi'eeipitation of sulphate of lime and its conversion into 
crystallized gypsum, is accomplished rapidly. Certain phosphates, 
however, form exceptions to this rule : orystollization is stimuiated 



Fro. 24.— A. Superpbosptiate Den, D, DiBP.huvgB Apertureg. C, Belt Con- 
veyor. D. Rlevator Eocciver, E. Elevator. 


by stirring them with the shovel and the process finished hy 
diyitig. 

New Uethndx for the Mechanml Extraction of Sivperpkosphate 
from the “ Den ".—The manipulation of superphosphate being 
dangei-ous, on account of the toxic gases which are disengaged, 
ellorto have been made to empty the houses mechanically. But 
the appliances used are costly and defective, especially owing to the 
false position at the door of the excavation plant. Behker and 
Hartmann’s mechanical extractor suppresses these drawbacks, in so 
far that the excavating organ is arranged so as to support its shaft 
at its two ends. Figs. 25-28 show the arrangement which forms the 
subject of their invention. Fig. 25 is a longitudinal section. Fig. 
26 is an end view. Fig. 27 is a plan. Fig. 28 is a detail. 
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The 8nperphoapha,te “ don ” a has interior lateral sides b arranged 
in glades, reversed above, in such a way as to give to the final block 
a form approaching that of a cylinder. The floor of the “ den ” 
is pierced in its centre by a longitudinal opening c covered by a 
wooden trap d, one of the ends of which is fitted with a ring handle 



r If}. 27.— Beatei and nartmann'B Mechanical Remover of SnperphoBphn.t.n front 
“Den " (plan). 


6, The “ den " has in its face a circular opening/ shut by a door gin 
two parts. This “den ” is traversed through its whole length by a 
shaft h, supported on two suitable bearings so as to dovetail into 
and continue a screw shaft i mounted in a fixed screw /. A cog- 
wheel k, geared to the outside screw part of the shaft i, has a claw 



Fii}. 28 .— Bcnker and Hactiuann’s Meohumeftl Remover of Superphosphate 
from “ Den ’’ (detail). 

OT, which penetrates into a longitudinal gutter n of that shaft, so as 
to' connect the shaft i with the wheel k in the direction of rotation, 
butdettmg it gbflft freely. On the shaft h two arms c and p are 
fixed diametrically opposite one another, one of which o foi-ms a 
sort of compound knife, fitted with teeth q projecting from the 
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Ijlswifts r. ^ The other arm p, oonvoaicntly fixed behind the first, is 
fitted at its free end with a sort of shovel or spoon s. A con- 
veyor t, of known, construction, is arranged ixilow the opening c of 
the den and empties into a suitable elevator u. A band of stuff ■{), 
fitted with suitable counterpoises x and f/, is arranged above the 
screw shaft i, so as to cover it wlien it enters inside the den. A 
mixer s is fixed at the top of the “ den,” and the inatallation may be 
completed with fans and condensers of any desired construction. 
The oog-wheel k may be driven by any suitable means, for example 
hy a play of pulleys fixed and movJtble, 1 and 2 acting in different 
-directions. The working in as follows : During the mixing of the 
mass of superphosphate the trap tioor d covers the opening c and 
the door g covers the circular opening in the front of the “den," the 
two arms, o and p, being kept outside the “ den ”, After the super- 
phosphate has set, the trap door d is withdrawn by aid of a haird- 
winch, not shown on the drawings, then the door ij is removed. 
The whole of the shafts, h and i, are caused to revolve in a suitable 
.direction to briugthe mechanism inside the “ den ' When the teeth 
.q of tlie arms o come in contact with the mass of superphosphate, it 
penetrates into the interior of the mass, detaching ribbons which 
h-eak, forming small fragments, which fall to the bottom of “ den 
Tlic blades r in turn come in contact with the portion of the matter 
projecting between the teeth, detach these Hkewise in the form of 
ribbons, which collect at the bottom of the “ den ”. The shovel s at 
the aperture G bi’ings these ft-agmenk, from where, they fall into the 
■conveyor t. Whilst the shaft i is penetrating inside the “den,” the 
cloth u unrolls and covers this shaft so as to prevent it being crushed 
by lumps of superphosphate. When all the matter in the “ den '' has 
ibeeri rediioed to fragments and evacuated by the conveyor the nota- 
'tion of the shafts k and i are reversed, until the arms o, y are outside 
ithe “den ” ; the sliding door d is replaced as well as the door g, and 
the mixing of a fresh batch started. This arrangement is simple and 
-economical. The arms supporting the cutting knife is fixed on a 
shaft supported at both ends, which prevents all work in false direc- 
tions and secures a better output. The attack of the material by 
a vertical knife facilitates the conveyance of the fragments it turns 
■out. This arraiigeineiit may be applied to all existing “ dens ” by 
modifying or not the inside shaj* of these “dens,” so as to render 
them cylindrical. During the mixing of the superphosphate no 
■delicate piece of the mechanism comes in contact with the material, 
so that the raechauiem is practically unwearable and little liable to 
Hlauiage. The screw shaft may be replaced by any other arrange- 
ment giving to the arms o, p a forward helieoidal motion, and 
fitting the whole mechanism with an arrangement allowing the 
speed of the displacsment of the arms to increased at will; 
for example, for their return. The invention applies to the 
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extraction of superphosphate as well as to manures, or analogous 
chemical products. Summing up, the inventors claim: — 

(1) An arrangement for the mechanical shifting of superphosphate 
consisting of a vertical shaft o, mounted on a, horizontal axis h, 
and driven with a simultaneous movement of rotation and trans- 
lation of which the blade r comprises projecting teeth g, prafer- 
alily incurved on the axis, with the object of first of all bringing the 
teeth in oonlact with the iriaterial sc as to commence the attack 
of the material by the teeth, and finish it by the blade. ‘ 

(2) A method of applying the arrangement described in (1), in 
which the horizontal shaft h of the knife, compiisiug a radial arm 
p, fitted with a shovel is supported at its two extremities and 
forms part of a screw shaft t, engaging into a fixed screw j, and 
gearing with a driving cog- wheel k, in which it can glide so as to 
avoid any false working. 

Allegri's Plant for Shfting Suporpkosphale from the “Dews ”. — 
Allegri, the engineer of the united factories of the Italian agricul- 
turists, has also patented a machine to replace manual labour in 
shifting superphosphate from the mixing “ dens His appliance 
consists essentially of a sort of plough, to which a horizontal and 
vertical motion is imparted. This plough traverses the cliambei in 
the direction of its length, and at each passage it detaches a small 
slice of superphosphate and discharges it through the door in the 
U)p of the chamber into a conveyor of some sort, A single work- 
man can overlook several of these machines. This machine shifts 
10 tons of superphosphate an hour. The force necessary is i H.P. 
The cost of upkeep is limited to changing the plough from time to 
time, which is the only part exposed to contact with the superphos- 
phate. The appliance maybe fitted to any existing “den” with 
a few alterations. 

Another method of shifting superphosphate “ dens ” is comprised 
in British patent No. 20,446 (25 Feb., 1907). It consists in 
shifting the superphosphate by a movable platform, on which it 
rests so as to expose sides and top, so that the mass can be 
broken up in the open air. With this end in view the floor of 
the decomposing “den ” is mounted on wheels ; in this way it may 
be drawn out of the “ den by appropriate meohanism through a. 
movable door made in one of its sides. The superphosphate shifted 
out of the “ dens ” is then broken up by any mechanical arrangement 
and charged into conveyors to be conducted to the drying noachine. 
Finally, the following arrangement of the superphosphate “ dens,” in 
a Bordeaux faclory, In described, as an interesting improvement. 
The new “dens ” consist of long channels in a mass of masonry work 
below the mixer. These channels are 1'6 to 1’8 metres above th& 
floor of the factory. A metallic cradle placed inside these channels, 
of which it assumes the form (naturally 1), is propelled by a winch 
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fixfid on the flwr on tihe side opposite the discharge. During mix- 
itig the superphosphate as it comes from the mixer adheres as an 
immense cake to the bars of the cradle. To shift it, it suffices by 
means of the wnch to bring the cradle out of the den, where the 
product is collected in trucks. The workmen have only to detach 
what adheres to the bars and to let it fall into the trucks, by means 
of rather long tools, so as to, keep at a suitable distance. A hood 
connected with a fan is placed on tlie discharge door, so that the 
fumes are drawn from, the exit of the “ dens ” and cannot inconveni- 
ence the workmen. The superphosphate is then conveyed by wagons 
into the Persian wheels which elevate it into the drying ovens. A 
fan draws va|30ur and dust from the dryers, aud propels the first 
into a condensation tower and the second into a dust chamber. 
The manufacture of superphosphate, owing to these new an-ange- 
ments, presents no serious drawbacks as regards the health of the 
workmen or of the neighbourhood. 

Breaking and Si/ting or Screening of Stiperphospkak . — 
The superphosphate placed in a heap in the fresh state consolidates 
itself so much that it has to be broken down or "got'’ by the pick 
and shovel. In order to gel it to a proper degree of fineness, it was 
foiTnerly projected against an inclined sieve (screen) and the “ core” 
crushed with the back of the shovel. This sieve, of 6-8 mm. in 
section, that is a quarter inch sieve, is still in use in email factories.^ 
Shaking and regulating sieves are also in use. To get the super* 
phosphate from the heap, the best plan is to attack it at the tail 
comer by drawing it towards oneself with the pick. By lifting it 
in successive layers il would run the risk of being compressed. 
Care ifi taken not to excavate underneath when the heap is -more 
than 6 ft. high.'-* 

Compaot superjihosphate is reduced to a pulvenilent state by 
Carr’s disintegrator or a crusher fitted with steel teeth. 

Carr's Disintegrator — This disintegiator was , invented by 
Thomas CaiT of Montepelier, near Bristol, and patented in Great 
Britain. It consists essentially of two, four, six, or eight concentric 
cages, the oylindrica.! sides of which consist of metallic bars b, 


1 WelL-made superphosphate rfofls riot reqiiirB to he put through quite 
BO lice a BKieeQ as a ona-fourth inoh eercen exOBpt for the dry mixiug of com- 
pound itM.unTRfi. Good made Buperphosphate passed through an Inch screen 
is fine enough iov moel porposee, and. thiougli half an inch for all purposes, and 
the price is now cut so fine that to add to the cost by passing it through a 
needleesly close aieve is irrational, the more so as supeTplmspliate, ae dis- 
tiuguisbed from wet mixed tsiuqiound manures, has little or iio core. It only 
mnts a touch with the shovel to break it up to fine powder,— Tji. 

But that IB exactly what lire man who gets tie manure with the pick does. 
He knows the riglit time to stand clear, and only the undermined portion falls, 
and that quite gradually aud without undue precipilation,— Tp. 
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encased on one side in plain discs a, on the other on crowns a, Tho 
first (inside), third and fifth cages form an aggregate of a single 
piece, screw^ with the boss of the disc on to a driving shaft. In 
the game way the second, fourth and the sixth cages form an ag- 
gregate mounted on tho other shaft. The machine is driven tioiTi 
the same shaft by means of two belts, one of which is straight and 



Fi«. 29,— Cai'r’s DiBint.Rgtn.toi-, 


the other crossed, so that the cages formed by one of the elements 
of the drum fit into the annular spaces of the other and turn in a 
contrary direction. The machine is gcuei-ally enclosed in a tight 
cover and surmounted by a hopper e, into wliich the material to bo 
pulverized is charged. These fall into the interior cage, and tlie 
machine being in motion, they are projected by the centrifugal 
force across the bars of the first cage into the second ; turnijigin an 
opposite direction from the second they 
^ o 0 are projected in the same way into the 

0 0 °o ^ 0 ° ° 0 which turns in the same direction 

gO^o^oO^ as the first, then into the fourth, and so 
g I’b^y projected on the 

^00 ^ 0 ° outside on all the points of the periphery 

0 go f /o° through the bars. The operation does- 

o not last a second. This rapid grinding 

0 ° to ® 0 astonishing if the great number 

o 0 or of shocks to which the matter is sub- 
•^^0 0® jected be considered ; the powei' of 

Fro. SO.'-Ca.tr’a nisirtegra- these shocks consists in the sum of the 
tot. ^ Plan of the Cylindrical gj the substance in one direction 

and of the bars of the cage in the other. 
The Biibstance issuing from the crusher falls into a side channel 
hollowed out of the foundation of the machine, from there it 



STOEING OF SUPEEPHOSPHATE. 


U9 


oolleufcs in the receiviiig vesRpJ of an elevator, which I’emoves it, 
The size of the drums, number of revolutions a minute, the, 
force ani the number of bars, vary according to the nature and 
the quantity of the material to be treated and according to the 
fineness to be imparted. A product, consisting of granules of 
no matter what size, can be obtained by turning the drums at a 
greater or less speed and using a suitable distance between the bars. 
The experience of the constructor is here the best guide. Carr’s 
disintegrator is one of those which utilizes, to the best advantage, 
the energy which is transmitted to it, whicli explains its extraordin- 



Fro. 31 .— Carr's DiHiril*!i!;rfttor or Toothed CiuBher. C. Sieve. F, Elevator. 
G. H. TranBinifision Shafting. 


ary high output compared with other disintegrators, of whatever 
nature. It is used, not only for crushing superphosphates, but also 
for degelatinized bones. It also renders good service m making com- 
pound manures provided that the ingredients possess the same o) 
but slightly different densities, . 

CijUvdrkal Crmker Fitted mtk Teetk-Thia crusher coiisiste 
essentially of a cast-sted foundation, on which are mounted two 
rolls, one of which is smooth, and the other lined with steel teeth 
The first of these rolls has a diameter of 350 mm. (say about 14 
in.), and makes 100 revolutions a minute, The second has a 


120 


CHEMICAL MANUEES. 


diameter of 290 mm. (aay ll.J- in.), and makes 1000 turns a mmule. 
This latter roll consists of a cast- steel nucleus on which are 
mounted toothed rings, easy to vemoTre and replace. The. machine 
is surrounded by a protecting cover, with a hopper, into which the 
material to be ground is fed. The substance passes between the 
rolls where it is subjected to powerful grinding, produced both by 
the steel points and the differential speed of the rolls. , The machine 
frees itself automatically from all adherent matter, which is not so 
with Carr’s disintegrator. It is particularly suitable for moist 
gluey snperphospha,te,s. 

Gyli^rical C'runii^r leilh two BoUx fitted with Teeth . — This 
machine is used for the same purpose as the foregoing; it is, more-’ 
over, uaed in makitig compound manures from superphosphate 
and sulphate of ammonia. The two rolls have a length of 501) 
lum. (say 20 in,) by 500 mm. ; the one turns slowly, the other 
rapidly. The teeth of one of the rolls pass through the interstices 
between those of the other, and thus exert a powerful crushing action 
oa the material. It is liLLed with a cover forming a hopper, aud 
is combined with an elevator and a shaking sieve. These machines 
may be grouped in two ways, according to tlic nature of the supei'- 
phosphate. The crusher may be installed at a higher level than 
the sieve, or on the floor. In the first case, the superphosphate 
is fed i[ito the receiver of an elevator which discharges it at 
a higher level into the hopper of the crusher. The superphosphate 
after passing through the jigger falls on a shaking sieve, the fine 
material passes through the sieve and falls into the discharge 
hopper, whilst the coi'c in the sieve returns to the elevator, winch 
brings it back into the crusher, and so on. 

Ill the second case, where the crusher is fixed ou the floor, the 
matter is charged directly into the crusher, from whence it falls 
into the cup of the elevator, which spreads it over the sieve higher 
up. The routine of the ope cations is absolutely the same as in the 
first case. But this second method has drawbacks. The cups of 
the elevator in seizing the material, crush it and transform it into 
a pasty gluey mass which resists sifting and returns, incessantly, 
from the sieve into the crusher again, to take the same road and 
choke up the whole oP the apparatus. This drawback disappears 
if the machines he grouped in the manner Indicated in the first 
instance, in which the superphosphate is elevated before being 
crushed; it is then in oonsisteut lumps and stands the action of the 
cups very well. The sieve itself consists of a shaking table ani- 
mated by a to and fro motion driven on each side by a pulley and 
crank. The frame of the sieve is hung in an iron frame, on which 
the driving pulley is mounted. The sieve is wire woven. It must 
be kept perfectly clean so that the superphosphate passes through 
and does not return to the crusher or become gluey. If the sieve 
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be obstructed, the maehbe miist he stopped and the sieve cleaned. 
It ifi cleaned by beating and scraping with a broom, using sand if 
need be. A mechanioal beater is often installed on the sieve, but 
it can only be used for cylindrical sieves. The latter again can 
only be used for very dry superphosphates, because in spite of the 
mechanical heating they are rapidly obstructed and difficult to 
clean. 

If the superphosphate is in a pulvcrulcnl condition, it is simply 
sifted without crushing ; only the core from the sieve then passes 
through the crusher at a lower level, from which it falls into the 
receiver of the elevator, which spreads it again on the sieve. The 
elevator, crusher, and sieve act simultianeously. However, it is 
better to drive the crusher independently, or by an electric motor, 
for in many cases the core on the sieves is not Important, and the 
action of the cnisher only intervenes usefully at rare intervals, 
ft is hardly necessary to say that these machines should be easy 
of access. Pig. 31 represents a unit consisting of elevator, crusher, 
and sieve, mounted on iron frames. This unit, movable on rollers, 
may easily be conveyed from one dcp6t to another as required. 
Manipulations and cost of conveyance, often heavy, ai'e thus avoided. 
An installation of this nature only requires three workmen. The 
first feeds the cups, the second looks after the machine and bags 
up, the third conveys the superphosphate to the depflt. In case of 
a break-down the three mutually assist each other. It is to bo 
noted that damp weather is bod for grinding and sifting; the 
superphosphate is very deliquescent, and adheres to the machine. 

ArtificAal Drying of Superp}mphate.~i.i it be hardly possible 
to elfeut economy in crushing and dissolving with the machinery 
described above, it is quite otherwise with the operations relating 
to the finishing of the superphosphate, that is to say, those that 
intervene between ” dissolving ” and dispatch of the finished pro- 
duct. There are factories where these operations cost double what 
is required in a, rational installation. In the present economical 
conditions of the industry, it is necessary to supplant ineffective 
hand labour, always costly, as much as possible by mechanical 
methods; a machine can he stopped when desired, whilst hand 
labour must be kept on continually, otherwise it goes. Tt inusf., 
therefore, bo rodiioed to a minimum, the supei’phosphate finished 
with the least possible delay, without having to store it for a 
longer' or shorter time, to render it saleable. In this chain of 
reasoning, the attention of inanufacturers is drawn to the machinery 
and processes described further on. 

TkoriiUcai Bwkiv of Drymij.-ThB moisture of a superphos- 
phate is not wholly due to a high water content per cent, but also 
to the presence of an important proportion of free phosphoric acid 
in supereaturated superphosphates. Thus, when a superphosphate 
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contain B fl per cent of orthophosphoric acid it may coutain up to 
15 per cent of watar, without lifting actually wet. According to 
Stoeklassa, acid phouphate of lime heated to 100° C. Idses, in ten 
hours, 1‘63 per cent of water.; in twenty hours, 2*40 per cent; 
in thirty hours, 5-21 per cent; in forty hours, 6'32 per cent; 
in fifty honrs and upwards, 6 '43 per cent constant. At 260° C. 
pliosphotio acid olmnges slowly into pyrophosphoric acid. 

2HsPO^ - HP = H^Pp^. 

Moist superphosphate may be dried by evaporating the water 
which it contains, either by absorbing a part of the free phosphoric 
acid which it contains by inert material, such aa calcined gypsum, 
which combines chemically with the water, kieselguhr, peat dust, 
sawdust, or in fact by combining a portion of the free phosphoric 
acid. From an industrial point of view, we have to examine the 
application of heat to drying, direct heating, and cold drying. 
The drying machine, by direct heating, utilized for drying bones, 
may be used as in the drying of raw phosphates, sulphate of 
ammonia MP 140° C., beyond which it volatilizes, but it does 
not suit for superphosphate, It is, [noreover, very trying and 
dangerous for the health of the workmen owing to the disengage- 
ment of the acid gases of the superpliosjiliates. Besides, the 
material being pressed by the workmen during shovelling, readily 
sticks to the plates, and undergoes a sort of combustion from which 
a retrogmdatioji of as much as 4 per cent may result. Moreover, 
it is very difSeult to regulate the heat of a coal fire, which requirns. 
consta,nt attention. 'J'he principal systems of drying in actual use 
are the following 

Lambert’s Dryer. The inventor gives the following deliciously 
laconic description : The apparatus consists of a masonry chamber 
divided into three compartments: (1) A hearth of refractory 
materials, in which there are mixed the hot gases from the gftimrator 
hearth and the air propelled by the blowers. (2) A cliambci- 
succeeding the preceding one, into which pass the mixture of gas 
and hot air before entering the drying machine. (3) A stove 
heated by the heat radiated from the hearth, and in which the ap- 
paratus described below moves. The dryer, piroperly so-called, has 
the form of a highly-elongated truncated cone and is arranged 
horizontally on rollers ; it is entrained by means of gearing in a 
continuous system of rotation. In the interior this appar3,tns is 
fitted with corners intended to raise the material in an unin- 
terrupted manner and to project it into the hot current during its 
whole stay in the apparatus. At the extremity of the small diameter 
of the apparatus is a feed hopper, at the otlier end are apertures, 
the object of wliich is to drop the dried material and allow^ the 
escape of hot air and steam during evaporation, 
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Zim^mrmaim’n Drijiiig Machine. — Zimmermann's diyinj? 
■machine roaaista of an oven 8 metres (26 feet) high, heated by 
combustion gases. The hot air comes in contact with the material 
on iron plates suspended by chains and fitted with a system of 
agitation. An oven of this kind, oeonpying a space of 50 square 
metres (638 square feot), dries four wagons of superphosphate 
in twenty-four hours. The latter only remains exposed two 
minutes to the heat of a vei^ bright coke fire ; it there becomes 
heated to 80“ C. and loses 5 to 6 per cent of wate.r. The motor 
power to shake the plates 'is three horse, and the coke burnt, in 
twenty-four hours, half a ton. Three men can work two ovens. The 
iron plates have the di'awback of not^ allowing the hot gases to pass, 
which thus take the shortest path along the sides of the oven. 
Lately the Inventor has replaced them by sieves. The combustion 
gases and the acid gases pass into a dust chamber, where the 
latter is <lepositpd, whilst the acid gases are purified in a con- 
denser tower. The acid contained in the gas which is disengtged 
from the dryer is chiefly hydrofluoric acid. This gas, as ■well as 
the hydrofluosilicic acid, exists dissolved In the superphosphate 
water, and is partly re-formed when the substance is heated, the 
sulphuric acid, as CoH^SO^, [?] acting then on the still undecomposed 
calcium fluoride. The hydrofluosilicic acid is decoiii posed by beat 
into hydrofluoric acid and silicic fluoride. 

The drying machine forming the object of the German patent 
85,273, only differs [torn the above oven in the arrangement of the 
interior and in the method of agitation. The shaking plates are 
not snspe.nded by chains, they rest on cross pieces and are moved 
by manuals. 

Mailer and Pfeiffer's Drying Machine . — M filler and Pfeiffer have 
constructed a drum drying machine iu which they have striven to 
avoid shocks and sudden motion, which are absolutely injurious to 
the structure of superphosphate. On the Other hand, these makers 
secure energetic ventilation hy superheated air. This apparatus is 
based on this principle, that each matter requires appropriate treat- 
ment according to its nature. It consists of four principal parts, 
which are : (1) A heating system for luatiug dry air. (2) An ex- 
hauster for ventilating and absorbing combustion gas. (3) An 
arratigemeut loi' mixing air with the combustion gas, and to receive 
the superphosphates. (4) The drum, properly so-called. The work- 
ing is as follows ; The superphosphate is fed fiom a cup elevator into 
a hopper where it falls into the drying machine, where it is seized 
by a strong current of hot air, which dashes it into the rotating drum. 
The current of hot air is produced by a powerful fan with a conical 
aperture ; the jet of eumpressetl air that issues from this aperture 
drives au ejector which absorbs the combustion gases. Th^ air and 
the gas are mixed in varying proportions at the will of the operator, 
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"who can thus obtain whatever initial temperature he desires. This 
temperatnre may be somewhat high without there beiog any reason 
to fear retrogradation in the snpei'phosphate treated, for the drying 
-of the latter is so energetic that the tcmpcmture of the gas lowers 
<5onsiderahly. Owing to the rotation of the drum and its sloping 
position the auperpliosphate circulates to the opposite extremity 
and is reduced to crumbs, consequently the interior of the granules 
is laid bare and submitted in its turn to the action of the hot gases. 
At the end of the drum the superphosphate falls into a “ den,” from 
which it is taken to be stored. The hot air which comes from the 
dimm is not saturated with moisture ; it is therefore in great part 
absorbed by the exhauster, mixed again with combustion gases, 
which bring it to the de.sired temperature, and afterwards it is 
again sent in to the drying maeliinc, to carry on the work of 
•desiccation. In this way the gases having already served, and still 



Fir,. 32.— Holier s,nd Pfeiffer’E Dryer (vertifiiil sflotion). 


at 85" C. (165“ F.) are again utilized, only the small quantity required 
for rational working of the combustion is allowed to escape into the 
.air, the loss of heat is red lined to the difference between the exterior 
temperature and that of the escaping gases. However, this circula- 
tion cannot he indefinite, it is limited, naturally, by the final saturation 
■of the escaping gas. It is then necessary to start once more with 
completely renovated air so as to secure regularity in the drying. 
This drying machine is one of the best, and has received nuraerons 
applications. 

Heyviann ami Nitach’.^ P'roce.?,s /or Drying Superphosphates.— 
Heymann and Nitsch try to utilize the heat product hy the reaction 
■of fresh superphosphate to vaporiae the water brought to the surface 
of the lumps by crushing. They manage in this way to conduct 
drying and crushing simultaneously. The superphosphate, at a 
temperature of 9fl''0,, is charged into slightly inclined rotary 
drums, the angle of inclination of which may be regulated at will. 
It is there crushed and sifted. The fine flour falls from the drum 
into a pit, and when it is cooled it lias acquired the uooessary degiuc 
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— The object of the new process is to divide superphosphates, so as 
to facilitate their distribution in the soil, for, in the state of lumps, 
they only give up their phosphoric acid slowly and diiUcultly. 
Besides, the fine division of a superphosphate is- indispensable 
from the point of view of the actual manner of distributing manures 
by the manure drill, which greatly facilitates the work of the 
farmer. The superphosphate, such as it comes from the mixing 
'‘den,” contains about 10 per ceut of water, and in that condition it 
is very sensitive to shocks and crushing, so much so, that the 
processes used to pulverize it up to now are unsuitable. The new 
process is based on this observation, that hot solid superphosphate 
such as it exists in the mixing " den,” possesses a property which has 
not boon hitherto Tecogtii/,ed, that of being capable of being cut into 
very fine slices, which exposed to the air break up and fall to powder. 
The process of which the present patent is the object, consists pre- 
cisely in cutting the mass in very fine slices in the condition in 
which it comes from the mixing “ den Practically that is done as 
follows : the superphosphate is run into a drum in which knives, 
animated by a very rapid motion, cut (scrape) the superphosphate 
so as to divide it without orushing it. The thin slices arc then 
reduced to a fine powder, the tenuity of whiph facilitates the ex- 
pulsion of the moisture contained therein. The product thus ob- 
tained can be very easily aud uniformly distribute! 

German Patent No. 96,046 0 / 16 March, 1897. AddItloiJ to 
patent 9-'), 756 of 16 March, 1897, delivered 19 March, 1897, maxima 
duration, 16 March, 1912. — The process of which this patent, is the 
subject, ia a forrn of applieatiou of a process claimed in chief patent, 
above-mentioned,, the object of which is to out up fresh superphosphate 
in a rotary drum armed with knives. Up to now the superphos- 
phate from the “ den ” was stored, and as soon as it was cold and 
dry, it was pulverized in a cruslier. As it comes from the “ den ” 
the su|)ftrphosphate is hot and soft, on cooling it hecomas consistent. 
It has bwu remarked that only the superphosphate which comes 
from the den in lumps becomes consistent, whilst the jMrtious that 
are in a pulverulent state do not agglutinate but remain in the 
condition of powder in spite of the pressure of the mass and the 
high temperature. This obaeiTatiou has suggesLcil llie idea, that 
superphosphate could be reduced to a dry and pulverulent condition 
as soon as it comes from the mixing “ den The crushing process 
used hitherto, such as passage through a Oarr's disintegrator, cannot 
be applied to fresh superphosphate because they would render it 
gluey, The present mveatiou enables the desired state of division 
to be imparted to superphosphate immediately it comes from the 
mixing “den” without grinding or crushing it. The process em- 
ployed for the purpose ia based on fch ia fact, that if superphosphate 
is cut into very fine slices in its actual condition it is immediately 
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coTi verted into a fine powder. The superphosphate is traiisfcned 
by a conveyor into a hopper ■which feeds it into a drutii armed with 
knives. This drum consists of a posterior disc and a-n anterior 
ring. Between the disc and the ri-ng there are arranged tangentially 
at fixed distances steel blades or knives, covering the openings for 
the exit of the finished Riiperphosphate. Sixteen blades of this 
sort pass in front of the hopper aperture, at a -speed of 300 revolu- 
tions a minute, consequently 4800 blows per minute. The slices 
so produced are very fine and do not set on accumulating, The 
drum is driven by shaft and pulley. On the hopper side and 
beneath it are wrought-iron plates, on which the finished super- 
phosphate, issuing from the drum, falls; from these plates it falls 
into trucks. The working of the installation is as follows: The 
drum is driven by a pulley and turns at great speed. This speed, 
which is thus transmitted to the knives, is calculated in such a 
way as to exceed the rapidity of the fall of the superphosphate into 
the feed hopper. lu that way, all the superphosphate is forced 
pass over the knives, and the uncut lumps are prevented from Class- 
ing through the apertures and falling into the truck. The spaces 
between the knives are regulated according to the speed of the 
periphery of the drum and reciprocally. It follows that the knives 
succeed each other in their action, penetrate into the material and 
scrape it through successive layers. Veiy thin slices are thus 
obtained, which fall to powder. This division is still further 
favonrpxl by the speed of rotation of the drum, which produces 
a strong current of air acting on the substance, and producing 
a cyclonic motion in the parts detached by the knives. Tlie 
pulverized material falls from the plates into a track. The eiUTent 
of air produced by the rotation of the drum imparts a certain speed 
to the phosphate powder detached by scraping. The wrought-iron 
plates also serve to turn this current of air in its tangential course, 
so tlifflt the powder only falls into the trucks at the speed it would 
fall by its own weight. The too abrupt fall of the material is thus 
avoided. Finally, the current of air produced in the drum frees the 
superphosphate from any gases with bad odour, and expels them 
outside. 

Dr, Lutjena afterwards modified bis processes, first, in combining 
drying with the scraping machine, afterwards in cooling the dried 
superphosphate. The process thus modified realizes to the letter 
the problem enunciated above, to produce a superphosphate ready 
for dispatch in twenty-four hours, For this piirposB the superphos- 
phate cut in very fine slices, falls into an upper drying trough, 
where it is exposed on all sides to the action of hot air; this 
completely traverses the mass, beats it and renders it friable. 
From the upper trough the superphosphate falls into a second 
trough placed underneath, where drying is completf^ by a current 
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of cold air under pressure, which lowers the temperature to 20'' C. 
The superphosphate is then sifted ; it quits the sieve in a very fine 
state, ready to be dispatched, The cold air treatment not only 
prevents the substance from aggregating into lumps, but it at the 
same time prevents retrogradatioii, as will he seen later on. The 
plant dries [it is claimed] 10 tons of superphosphate per hour. It 
requires few repairs., Fuel is well utiiiiied, for on burning ordinary 
coke, only 1 owt. per 5 tons of supei'phosphate is used to remove 
0 per cent of moisture. . . »>•-- 

It is right to add that to work regularly, this machine requires 
to be manned by workmen familiar with this class of work; it 
iucrcasea the output of the factory, and superphosphate can be 
dispatched from the heap.^ The cooling of the superphosphate was 
tho object of the German patent No, 112,151 of 14 April, 1899, of 
which the following is the translation. The processes employed up 
to now for drying siipetphoaphates have the drawback of leaving 
these products at a high temperature, so that if run on to a heap 
they only cool very slowly. Now, heat is very injurious to the 
superphosphate in the heap, and it then acquires a great tendency 
to form lumps. Under the pressure to which it is subjected by its 
own weight, it becomes compressed more strongly the longer the 
warehousing is prolonged, and it is then necessary to pulverize it 
once more before dispatcliing it. To this drawback a graver one 
has to he added, stored eiiperjihosphate has a great tendency to 
retrograde, the pliosphoric acid rendered soluble then retuniiiig to 
the insoluble condition, because heat favours retrogradation and 
the dried superphosphates preserve their heat when in high heaps, 
and only cool slowly. The object of the present invention is to 
avoid retrogradation of the soluble phosphoric acid in superphos- 
phates which have to be stored. For this purpose the heat is 
removed from the dried, hot, pulverized superphosphate by n 
current of cold air. The conveyance of the superphosphate thus 
finished, to the store, is done in tilting trucks or by lerlal conveyor, 
This latter system ia the best and the most economical in the manu- 
facture of superphoaphatea, where it ia indispensable to utilize aa 
much as possible the covered space to store the goods. This is 
what a manufacturer who uses the Lutjens process says : “ I oould 
not be better satisfied with the scraping machine. The super- 
phosphate obtained by this process is exceedingly fine, free from 
lumps, and so dry that it may be dispatched a few days after it is 
cooled. It responds to all exigencies. Hefore dispatching it I pass 
it through a sieve of 6 mm. (a quarter inch sieve), and I get no 

^ With aay three geieenB on to a heap, one man with a pick is occupied in 
“ getting ” the enperphosphate for the other eii men— two men to each ecieeu 
— a kft-hauded mail mulod with a right-handed man, bat moat men aocnatomed 
to this olftas of work are ambidestroua.— T b, 



STORING OR SUPERPHOSPHATE, 


m 


core, The scraping machino enables superphosphates, of a quality 
hitherto unknown, to be made cheaply.” Or, Rienianii, a master 
of superphosphate manufacture, says : “ We have only Q’5 to 07 
per cent of insoluble in Rlorida superphosphate, As a general 
rule we obtain an increase in the phosphate renderai soluble, and 
we have not observed retiogcadation in Elorida supeiphosplmte 
even after several months’ storage,” 

SuperhmtfiA Superphosphat6s.~Cjmpo draws attention to Ihe 
changes which occur in overheated superphosphates. After 
certain temperature orthoph aspheric acid is changed into meta- 
phnsphoric acid. Experiments on this point have shown that 
ortbopliosphoric acid, heated to 105'’ C, during three hours, is con- 
verted into metaphosphorie acid to the extent of 10 percent, whilst 
if heated to 300'* C. it i.s converted to the extent of Of) pei- cent, hy 
the loss of a certain am omit of eorribined water, If the soluble 
phosphoric acid by the citrate method he determined in over 
heated superphosphates, it is to be observed that mctapliosphoric 
is not precipitated hy inagnesia mixture, and that only the ortho- 
phosphoric acid is found in the precipitate. If the determination 
be made by the molybdate of ammonia metliod, the smii total of 
the two phosphates ie found, the nitric acid bringing the ineta back 
into the ortho form. CrLspo considers metaphosphorie acid of less 
value than the ortho. However, experimentB mjide, in Germany 
have shown that under the first of these two forms phosphoric acid 
-has given good results. KxporiinKiitw at tlie Agiouoimcal Station of 
Gomblouse, by Gregoire and Henrlrich, have shown : — 

1. That the altei-ations undergone by the dried supeipbospbate 
an no way diminish the fertilizing value of that product. 

2. That desiccation at a tempexature of 165* C. has appreciably 
increased the activity of the phosphoric acid, 

3. That the metaphosphate and the jiyrophosphate of lime re- 
spectively, the products of dehydrating mono and bicaluic phos- 
phates, are without fertilizing value. In ]i(h culture ex]jeriment.s in 
the Liego laboratory, each of the pots containing 4 kilos (8*8 Ih.) of 
soil, Ligouro oats gave, on an average, accojxiing to the phosphates 
used 

T.yULE Xlia-BESULTS OF BXPEEIMBNrS WirH OIlDINAJtY SUPER- 
PHOfiPHATK ,VND SfJFEKPHOSPHATFl DRIED AT DIFFEIUSXT 
TEMPEEATUBES ON LIGOURO OATS. 

Gram nml 

Pfmphniii wtsd, straw gr. 

. Without phosphoric arid . . ■ 12 '3 

Ordinary Ruperphosphate . . ' . 28'8 

Saperpiioaphate dried, Bliylitlj calcined . 26-9 

Metaphosphate . . • ■ 

Superphosphate dried at 1&0° C. . 28'8 

„ „ „ . ■ ■ 37'(j 


Projjoriionai 

ijield, 

101) 

234 

21t) 

157 

284 

224 
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These results show that superphosphate dried at 160* C. and 
slightly oalcined, prodrxoe the same effects aa ordiriary super- 
phosphates. On the other hand, the action of commercial meta- 
phosphate is GOmjiaratively feeble in the Bandy clay experiments. 
In an experiment on sandy soil the dried and calcined super- 
phosphate had a less effect than superphosphate simply dried at 

160" C- {320" E,), 

Drying SuyerpJwapJuiies in the Cold . — Cold drying processes 
consist essentially in mixing dry substances intended to combine 
with ft portion of its phosphoric, acid with the superphosphate. 
Buiiiplar advises the use of hone black and degelaticized bones. 
These substances possess a great absorbent power and maybe used 
with success for the drying of high strength superphosphates. As 
regards the use of bone dust, 1 per cent may he added to the super- 
phosphate, according to its percentage of free acid. The bone dust 
should pass through a 70 mesh sieve, The phosphate taken from 
the “ den is spread out, the bone dust sprinkled over it, the mass 
turned over and passed through an inclined screen. After twenty- 
four hours the bone dust is almost all dissolved, and the super- 
phosphate may be dispatched. It is clear, however, that this work 
done by hand can only partially attain thc» object in view. Dr. 
Kiippert has the merit of applying this principle by means of an 
improved equipment, the construction of which is kept secret. 

Drying of the Superpho.'iplio.tg try Drifting and Mar.ing in the 
Oeorges Crusher -Sifter , — In Prance an analogous process tothut jnst 
described is adopted. This process consists in mixing 3 per cent, 
of raw Gafsa superphosphate well dried and iji the condition of fine 
powder. For this purpose the superphosphate from the “den ” m 
spread by an aerial conveyor on a platform (Pig, 34) ; a workman 
duets the product with Gafsa aupcrphosphale and charges it into the- 
grinding sifter shown in the figure. In this machine a shaft with 
blades driven at a smtable speed triturates the mass and mixes it- 
intimately, whilst the .sieve turns it in a contrary direction. The 
fine material falls from the sieve into the bin of an aerial conveyor 
■which conveys it to the warehouse , ■where it remains until the time 
for delivery. Before being dispatched the superphosphate is 
crushed and sifted through the Coster crusher. 'When the super- 
phosphate is suitably prepared, the treatment indicated suffices tt> 
obtain it dry. A great number of factories have installed this pro- 
cess, which enables them to dispense with a drying machine. It is 
necessary to add that it is only applicable to superphosphates for 
home consumption, as superphosphates intended lor exportation, 
especially those for the East, ought to be dried artificially in the 
drying machine. In the Lutjens process, 1 per cent of de^elatin- 
Lzed hones is also added, or Algerian phosphate, so as to dry the 
product and avoid the formation of lumps. The choice between 
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hone dust and Algwian phosphate, as the , di’ier to be added to the 
anperphosphate, depends on circumstances. If the superphosphate 
is to be dispatched in a week or thereabouts, one remains satisfied 
with 1 per cent of Algeriar phosphate. On the other ha.nd, if it 
should not require to Iw diepatched before a month or six wec.ks, 
0’5 of bone dust and O' 5 per cent of Algerian phosphate is added. 
When the phosphate has to be kept longer, 1 per cent of hone duet 
is simply added. The reason of this method of proceeding is, that 
the addition of the phosphate tends to harden the superphosphate 
in the heap so that it has to he screened again before dispatch, 
or even passed through Carr’s disintegrator. The new methods of 
LufcjenH for the working of superphosphates present real advant- 
ages. But such installations are somewhat costly ; moreover, they 
are only used where higli strength superphosphates are required or 
when agriculture requires pulverulent products capable of being 
spread by the drill. It is necessary, in that ease, that the super- 
phosphate contain ati important proportion of free phosphoric acid 
intended to dissolve the raw phosphate added as mentioned above. 
A Florida super{)hosphate of 18 per cent, for example, should not 
contain more than 4 to 5 per cent of free, phosphoric acid if it be 
not desired to add raw phosphate thereto ; if on the other hand 
] per cent of Algerian phosphate be added thereto, the free acid 
may be Increased to 7 to 8 per cent. Certain foreign countries 
stipulate for superphosphates of very high strength. Thus Scandi- 
navia stipulates for 20 per cent, which is uonsenke, as products of 
this kind run relatively dearer than Ih to 18, which arc current 
types. 

Stm-mg {Pmanyitim) of iSup&rphospliate — llclrogradation {lie- 
ducAion) of Phosp^ioric Acid. — Superphosphate kccjja 'well from one 
season to another vfhen the phospLate from which it was made does 
not contain inoio than 2 per cent of sesquioxidcs, but it is not so if 
kept longer. The phosphoric acid of the superphosphate coinnienceg 
to retrograde (“reduce”) if the raw phosphate was not pure. 
Retrogradation sets in much sooner if tbo raw phosphate contained 
more than 2 per cent of sesquiuxides, or if mistakes liave been made 
in its manufacture. Eetrogradation (“ reduction ’’) oecnrg under the 
influence of different causes, physical and ch(;mical. The heat and 
pressure of the superphosphate heap appear to be the direct pre- 
determinating causes. Stored superphosphate forma, first of all, 
packed layers. The granules of which it consists have only a slight 
superficial contact, hut as the thickness of the layer increases the 
substance compresses in virtue of its own weight, afterwards in 
virtue of the length of contact, so that finally the particles are 
glued together to form a very compact mass. There is thus estab- 
lished between each an exchange of chemical energy which means 
decompoaition. Experience shows that these changes are more 
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rapid ia moist hot aupeiphosphate than in dried cooled supei'phos* 
pkite. The crystallization of the sulphate of lime, unfinished in 
superphosphate, stored hastily, is completed in the superphosphate 
heap. The superphosphate of lime, combining with the sulpho 
sesquioxides, forms once more sulphate of lime ; free syrupy phos- 
phoric add acts on the silicates, etc, Now, all these reactions give 
place to a disengagement of heat, consequently the matter expands 
and tension is produced. Each of these reactions occur at a fixed 
temperature, which it is impossible to gauge directly owing to the 
isolating influence of the sulphate of lime. Finally, agglutination 
is still further induced by the rarefaction of the air between the ' 
granules cooled in the heap. I'^or a difference, of 10“’ C. (18“ E,) the 
difference ia 3‘5 percent. It has been observed that the phoephoric 
acid of the flupeqihosjihate does not commence to retrograde 
(“reduce”) until the iiiotnenfc when the particles agglutinate, i.e. 
when it is subjected to a fixed pressure. It is, therefore, pressure 
which causes vetrogi’ailation by destroying the friable compounds 
of the supei-phosphate. The part pl.ayed by temperature has also 
been (letennined by direct experiments. These show that it may 
rise to 100° 0. without bucLirig pulverulent friable superphosphate, 
and up to 50® G, for^agglutinated superphosphates higher tempera- 
tures are only injurious under pressure. Smetham, in examining 
the influence of the oxides of iron and alumina on the retrogradation 
of phosphates, oirsevved an essential difference in the action of the 
two oxides, as had been obseiTed for a long time in actual practice. 
Whilst i part of oxide of iron will cause 2 pails of phosphate of 
lime to rctregrade, the oxide ol alumina can only retrograde its own 
weight of phosphate (theoretically it retrogrades 3 times its own 
w^eight). In Florida phosphate, Pebbles and River phosphate, the 
greater part, of the. sesquioxide.? are present as alumina. The ratio 
of the alumina to the iron is, on an average, 1 to 0'4- Accoixling 
to the same authority, iron forms two insoluble compounds, the 
raono-di-ferri pliosplmtoand tlicdl-ti'i-ferrt phosphate; ftluuilnaoiily 
forms one compound. The free ortho phosphoric acid would appear to 
be rendered insnlnhle in the soil mnra mpidly by irnn and alumina 
compounds than xuouocaluic phosphate, as previously deteniiined by 
Gftrlach ; the latter also remarks that phosphoric acid, combined 
with oxide of iron and alumina, does not dissolve in carbonic acid 
water, contrary to what occurs xvith the acid combined with lime 
or magnesia. Phosphates of iron and alumina are only very 
slightly soluble in the solutions of organic acids ; phosphate of iron 
is almost insoluble therein. As the moisture in the soil is not more 
acid ths.n this artificial solution, it may certainly be taken for 
granted that the phosphates of sesquioxides renrain insoluble in the 
soil. When retrogradation starts nothing can stop it; it pursues 
a very rapid course, oven when the cohesion of the matter is 
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broken, as ia the case when orders are being dispatcbed. Wben 
superphosphates of this kind arrive at their destination they aome- 
times yield, on analysis, different results from those obtained on 
diapatch, but the , sample then retained shows identioal results, 
which shows that the superphosphate retrogrades in sample bottles. 
If retrogradation cannot be stopped, nor the’ chemical action which 
detorminea it, one can in a way prevent it in a bad superphosphate. 
It sufSces to dry it as completely as possible, store it cold, shorten 
the storage, or preserve the superphosphate in a thin layer in the 
beginning by spreading it over all the available space, extracting the 
lumps by sifting, using it to prepare superphosphate of ammonia 
(the sulphate of aramonia may hinder rfttvogi'fidation) or low 
strength superphosphates. By mixing 10 percent ot wood sawdust 
of bad quality with an 18 per cent superphosphate which had 
retrogmded 1'5 per cent, it was observed that the phosphoric acid 
did not retrograde further in the low strength manure thus prepared, 
in this case the amount of liquid contained in the superphosphate 
IIjPO.j -I- n^O lost 15 per cent of its mobility in consequence of 
this dilution, On the other hand, the superphosphate was loosened 
from its pressure, the latter being spread over all the ballast. It 
is clear that this remedy has limits, but it glwJg good results. 

FomtaMmg Beifogradaiion by SchucMs Mdhod. — To ascei-tain 
if a superphosphate is going to rctrogi'adc, and at what moment it 
will retrograde, are points which it is importauli for the man are 
manufacturer to know, Sehucht has used for years a method which 
gives results appreciably agreeing with facts. It Is generally very 
difficult to get access to the lower layers of a superphosphate heap. 
It is, therefore, impossible to analyse fdieni, and another meauR of 
control must bo found. This means is supplied by the retrograda- 
tion indicator about to be deRCribed. The appamtus consists of a 
graduated lever ri, on which is a movable imnner of 15 kg. (33 lb.). 
This lever is movable, round a point of support b, lixed on a fork. c. 
A very strong fiat- bottomed porcela,in vessel «, is used to receive the 
superpliosplmte, whicii i,y compressed by means of the plug / fixed 
on the lever. The operation is conducted as follows ; 100 grms, of 
supevpbosphatifi are viui into the porcelain dish with ‘35 grmg. of 
hot water, and the mixture crushed with the ])estle ; the excess of 
water is expelled on the water bath and the vessel ir put under the 
press plug, wliich eonipi-csscs the contents of the dish. The ap- 
paratus la kept under pressure for (.wenly-four hours al a temperature 
of 60" to 70° 0. (mS" to P.), water, soluble phosphoric acid, and 
free phosphoric acid are estimated in the superphosphate, treated as 
above, after having alreatly made the same estimations in the 
original superphosphate. By comparing the results of the two 
analyses a valuation of the superphosphate can be made. The 
differences existing between manufacturing localities and in storing 
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in no way influenws the accuracy of the method. If the exact tern- 
perafiiire and p'essnve be found, they remain the same in all cases 
so long as 'the raw material is not chan^. This method is far 
from solving the question of tetTogradation, but it is inteiestingf 
because an idea can be gained from it nf the retrogradation of a 
given phosphate. Dr. Gnieber gives the results of experiments 
which he has made with Schucht's appamtus, of which the following 
is a brief summary : — 

1 . A Florida phosphate, 35 per cent P^O^, and 2‘52 of sesqui- 
osides, when rendered soluble gave 18-7 per cent P .,04 soluble 
in water, and 1-21 of insoluble Pp.. Treated after' Schiioht’s 
method, under a pressiirfl of four atmospheres and at a tempera- 
ture of 40" C. (104° F.) (the apparatus being home-made could not 
do better), it contained 18'2 per cent of P.O,, soluble in water, and 
1*76 of insoluble P 5 O 4 . A second Florida phosphate, with 35-96 
per cent and 2-38 per cent sc-squi oxides, gave immediately 



Fiir, 3.5.— Kpirogi-adation Indicator (Sehneht). 


alter being rendered soluble, 18-8 per cent P.,0,,, and 0-81 insoluble. 
After Sohucht’s process, ]6'67 per cent soluble P,,!).;), and 2'fi2per 
cent insoluble, which shows the efTiciency of Schucht’s apparatus, 
that is to say, that the particles of phns))ha,te, intimately mixed 
and pressed hot, show an accentuated tendency to retrograde. 

2, A comparison was made with a superphosphate stored hot in 
a big heap, A Florida phosphate with 35-8 per cent PPj, and 
2-09 per cent of sesquioxidc, was io use, ’I'his phosphate, tested 
immediately after being “ dissolved,’' gave 18-40 per cent PjO,, and 
1‘1 per cent insoluble. With Schucht’s method it gave 17’25 per 
cent soluble P^O.^, and 2 '06 per cent insoluble. The stored heap 
showwl at the end of a year 17'38 per cent PjO.,,, and 1‘96 per cent 
insoluble. Consequently the stored phosphate confirms the accuracy 
of Bchiioht's methof], Tn the middle (height) of the heap a retro- 
gradation of only 0-21 pec cent occurred and no retrogradation in 
the top. 
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3. Another experiment was made with a Florida phosphate, 
with 3S'49 per cent and 2-2h per cent of sesquioxides. When 
“dissolved " it gave 18’9H per cent of soltihle Ppj, arid 0‘95 per 
oent of insoluble. Sehueht's method was applied in three, ways, 
using a Schneht’s instrument constructed by Kohler and Martini 
of Herlin, by which a higher temperature and pressure could be 
applied. The following are the results 

(d) Pressure and average temperatures as above : 4 mm. (? atmos- 
pheres) of pressure at 40" C,, 17'09 per cent soluble PjOj, 1‘85 
insoluble; (&) increased pressure and average temperature: 7 mm, 
(? atmospheres) of pressure at 40° C., 16'67 per cent soluble phos- 
phates, and 1’91 per cent insoluble ; (c) increased leinperature and 
pressure : 7 mm. (? atmospheres) pressure at 70" C,, ]6’72 per cent 
soluble P,P 5 , and 2'28 per cent insoluble. It will be seen that 
retrogi^dation increases with the temperature and pressure. This, 
superphosphate, though piled in a heap 16 ft. high, did not retro- 
grade even in its lower part, w'iiich Di'. Grueber attributes specially 
to the storing of the superphosphate, after complete cooling, by Dr. 
Lutjens’ scraping and cooling appliance. Tho fact that the cooled 
superphosphate did not retrograde is not snrpi'ising, because as far 
back as 1870 this important fact was observed jn the case of super- 
ishospliates made from Lahn phosphorite, very liable to retrograde, 
that the more rapidly it w’as cooled the less the soluble phosphoric 
acid retrograded. Dr. Grueber concludes that, in order to explain 
retj’ogradatioji, decisive results will only be obtained by working on 
tho large scale with siipeiy^hospbates to which different materialfl 
have been added. With tlie data so obtained, the treatment of 
phosphates could be modified according to their composition anil 
the manner in which they Irehave. 

Dr. W. Paysaii considers retrogradation is a rather exceplloual 
phenomenon.' He supports his view by personal experiences with 
Algerian phospliates with 0-.5 of se-squloxides, Bind Peace Eiver 
Pebbles with 2*5 per cent of sesquioxides. Tim solubilization of the 
first was always pushed in a consfatit manner to {)‘7o per cent of 
insoluble, that of the second to 1 per cent. He never found retro- 
gradation in cither even after long storing. He considers that in 
valuing phasphates up to now too much importance is attached to 
the percentage of sesqui oxides. To prove it he quotes trial mixings 
he maxie with this end in view, It was a case of three Tennessee 
phosphates (a), (d) and (c) which are characterized tom this point 
of view by containing 79 per cent phosphate of lime, 2'36 per cent 
oxide of iron, and 2-24 per oent of alumina, say a total of 4’6 per 
cent of sesquiosides. Tho results arc given in the following 
tabic 


1 Heu uok! 1, |j, 14‘2, 
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TABLE XLin. - SnOWm CHANGES IN COMPOSITION WHICH 
TENNESSEE SUPERPHOSPHATES UNDERGO IN FOUR AND A 
HALF ‘months PROM TJATp] OF MAKING. 


Mixings miule 
2 fieptenifwr, ISfifi. 


j Sample t>f same 
Superphos- 
phate Analyiwl 
17 Xovcinher, 
1898. 


Sample of the 
Ranie Phoephate 

IT .tamiary, 1899. ! 


( a 2-27 
PjOj itiRoliililij I h 2-20 
[ c 1-08 
/‘a O'OO + O' 2(1 
Soluble AljO, -f FejO, 6 1-07 -f 0'37 
’ 1 < 1-28 -f 0'2D 
.' (! 

Insnlnbln AljOj | FfijO, I I) -|- l O-^i 
' ^ c. ~ + I'OI 
f ,Vo() 

Pi'oe Acid \ b O'liO 
I f G'lO 


2'3r> 
2'a3 
2 ‘32 

O'CS + 0-17 
0'87 + 0‘18 
109 -f 0-22 
— + L‘21 


f 1 -20 



4', 20 
4'80 


2‘3fl 

2-23 


1'14 + 0‘17 : 
1-08 -I- 0-23 
1-22 + 016 ; 
-- + 10 : 

- ! M2 ; 

— + M2 . 
l-!)(> i 
4-80 

15-30 


P&ysaii adds that ivit being able to find the cause of rckogradation 
in fchfl sesquioxides, he tried to find it elsewhere, and he quotes the 
following ease of a delivery of f^torida j)hos[iha,tB. The samples taken 
the first day at four different points looked well ; the next day fresh 
sauipleR were taken, this time going further forward than thepointe 
explored the day before, and it was found that in cei-taiu places the 
phosphate ivas darker than in others, and contained much impurity. 
Two samples of this kind, taken at two different points, gave the 
following figures ; — 

a b 

Pn fifiii. Put cfiiiJ, 

Phosphate of lime 71-!)7 (i4-0.i 

Saad K-Ko 1 '.1-1)0 

An average sample of the whole cargo gave the following 
analysis. Phosphate of lime 77‘73, oxide of iron and alumina 2‘i3 
per cent. The pure phosphate behaved in a noi-mal fashion. In 
working it dissolves completely and gives no rctrogradation, but 
when wrought up with the impure part retrogradation was rapid, 
1*52 to 2i4 per cent of insoluble w'as obtained against {1'76 with the 
pure superphosphate. This example well explains contradictions 
and ohseur-ft points. But Dr. Paysan does not admit the theory of 
pressure in the question of retrogradation. Ee has often remarked 
a leudenuy to retrograde in superphosphates as soon as they have 
gone through Carr's disintegrator. He does not ascribe trans- 
coudeut merit to Dr. Lutjens’ processes. lie regards them as 
elegant and useful auxiliaries in superphosphate manufacture, but 
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which do ad Jispense wiU passing tk manare through G&n\ 

Aisintegmior. 

Sasis on which Superphosphates are Sold?— In the beginning of 
the superphosphate industry, superphosphates wei-e sold according 
to their percentage of phosphate of Jime soluble in water. But 
there were disputes between buyers and sellers, the former not 
finding the strength given them by the latter. A portion of the 
phosphate had become insoluble on delivery, The British were the 
first to determine that that part of the phosphate originally soluble 
in water, and at the end of a certain time was no longer so, was, 
however, soluble in weak reagents, such as carbonate of soda or oxa- 
late of ammonia, whilst tho ;^)osphate, originally insoluble, did not 
dissolve appieeiably in these reagents. At first it was tliought that 
this phosphate which British chemists called " reduced " phosphate, 
but now teimed retrograde phospliate, tos formed by the action 
of the inonocaleie phosphate on the tricalcic phosphate producing 
an intermediate bicalcic phosphate. Such, at least, was the cun^ent 
explanation fifteen years ago. Be that as it may, manafacturers 
have got over the difficulty, not by improving their manufacture, 
but in altering the basis of sale of superphosjjhates, i.c. by selling 
them aueording to their content per cent of phosphoric acid soluble 
in cold alkaline ammoriinm citrate which they term assimilable 
phosphoric acid, This method of sale is evidently vei'y convenient 
for the manufacturer, and enables the works chemist to cease from 
worrying over retrogradation whethe}- it arise from bad manufac- 
ture or the presenoe of impurities in the raw phosphates. 

Now, as Mr. J. tfoffre observes ; “ When a superphosphate is 
treated with citrate of ammonia in analysing it, both the citrate 

' A 2S per cent soluble phosphatt;, say phosphoric acid = 11-45 per cent, is 
the current Jlritish make n( snlutilo pliosphati-,, K 12 per nenf, Smimie will (’ivrt 
ft 30 per cerii, Koliildo phosphate which will bear an adtiilion of 3 cwt. of 
gypBum to the ton to bring it down to 25 per cout if th<! KiipiirpliHsphiitp, ia 
diapatohed as eoou as niiwle. (.Ir the rnay be partially n;pl.ao«l by 

a little Belgian phofipfmte, lint in Britaia it is not eonsiiiored good haaincsK 
policy to add a, uittegciiuua miuiure like bone daut to a sirperiihoBpdiate, and the 
tendency ol (.lie worlincn jg always to use far more bone dust than tfiat, in tho 
formula, (or nuiKorte which will be readily appreciated; the result bring that 
when it ooiKee to stocktaking the leakage of bone meal and bone duet is exccs- 
aively large. tVhat the tracfilfttor cftimot Dudcistaud is the magical eficet of 
I'Oper cent of bone dust, say one-fifth of a cwt., i.e. 22 lb. to the ton. If the 
superphosphate was very damp such a pinch of bone meal would he a drop iu 
tho Ofioau ; 3 per cent of raw Gafsa phosphate can he onderstood. It will 
readily be seen that ouiy by atriet book-keepitg by double RDti^ can the amount 
of phosphate and bone dust used as driers be oontrolled. The translator fears 
the author is somewhat over-saiigaine as to l,he edicaoy of some of the di-ying 
machines and grinding machines which he describes. It appears to the former 
that if ft ra an ere -will dry nstuially, as it should do, tlisse machines ate not so 
iiifUapensable as would be inferred, and where the man ore will not dry naturaUv 
•one may be pardoned from doubting if the maohinus are quite so cjlicaeiouH as 
one is led to believe.— Tn. 
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solTible pliosphoric acid, and the water Roluble phosphoric acid, 
cjitei’ into solution simultaneously. It results that when the 
analysis is made by the citrate method (without a separate estima* 
tiOD of the phosphoric acid soluble in water) there are confused 
toj^ether both tbo phosphoric acid soluble in watei', of great fertiliz- 
ing value, and the phosphoric acid combined with iron, which has 
but very little, The citrate method is, therefoi-e, uncertain. The 
results may repieaent bodies which are very good for plants if they 
consist of monocalcic phosphate or free phosphoi'ic acid which are 
dissolved in this reagent. They may, ou the other hand, represent 
substances which only have a vciy mediocre action, if they are 
phosphates of iron, called retregrade phosphates, which have passed 
into solution. Analysts ought, therefore, to give preference to 
estimating by the solubility in water as in Great Britain, Germany, 
and the United States. They ought, at least, to estimate separately 
the sohrble in water fl,nd Itkewtge separately the citrate soluble,” 

It la now admitted, without going further, that tliere is no great 
dilferenoe from a fertilizing point of view between the water soluble 
phosphoric acid and the citrate soluble. There is, however, a shai'p 
line of demarcation between the two products; the first is im- 
mediately assimilable by plants, the second is reiidcj-ed soluble and 
aKsimilated in the soil to the same extent as the phosphoiic acid 
in basic slag. But then thei'e i,s no occasion for the difference in 
price Ijctwccu the selling price of superphosphates (supposing them 
to be partially retrograded since they are sold as such) and basic 
slag. Mow this difference, is oousirlerable. On 1 January, 1909, 
for Imie slag tit Paris stations the price of the unit of phosphoric 
acid in basic slag .and superphosphates was exactly in the ratio of 
3 to 4, which makes the phosphoric acid in retrogiade phosphates 
35 per cctit dearer tlmn the citrate soluble phosphoric acid of basic 
slag. It is as-serk'd, it is true, that if retrogiudfition has not already 
occurred in the superphosphate belorc spreading it occurs repidly 
in the soil. The validity of this assertion will be examined later 
on in giving Dr. P. Wagners opinion on the matter. In Germany 
Buperphosphalca are sold by dwir eoriteut per cent of water 
soluble phosphoric acid, the citrate soluble not being taken into 
•considerutioii. Now, in super pbosjibates enntaining 1 per cent of 
insoluble phosphoric acid thi,s latter is two-thirds soluble in water; 
the manufacturer is thus prejudiced. In Spain and in the Medi- 
•terannean regions the customs are the same as in France. In 
Austria-Hungary custonrs vary with the localities ; in some super- 
phosphates are sold according to their content of water soluble 
phosphoric acid, in others according to their content of citrate 
soluble. It is the same in Bussia, In America sales are also 
based on the citrate soluble whicli enables manufacturers to work 
low grade phosphates with a high percentage of sosquioxides At 
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present it is Germany which manufactures the mogt chemical 
mannreB to Tsspond to the increasing demands of agrioultni-a 
Pkc3p}i(itw Marm'es — Do thetj hewm TnsoluhU in the SoU I— 
The benefits of enriching the soil in phosphoric acid has sometimes, 
been questioned on the ground that phosphatic manures become 
insoluble in the soil, and consequently inactive in a period of time 
varying from one to three years, This objection has been refuted 
by Dr. Wagner. If superphosphate or basic slag be buried and the 
soil be left to itself without tilling it or sowing it, what happens? 
The result will be that the min, filtering through the layer of soil, will 
insensibly dissolve the phosplionc acid of the superphosphate and 
the basic slag, and will transport it always a little further into the 
subsoil, where it comes in contact with oxides of iron, ahirnina, anfl 
lime. It will combine with these salts forming less and less soluble 
compounds, to pass finally after fifty or a hundred years perhaps, 
one doos not know exactly, to almost the sainc stale of insolubility 
as the phosphoric acid contained in the minerals in the soil. 

" This transformation will require a very considerable time. It 
is also nei-tain that in a cultivated soil tilled, laboured, sewn, and 
manured, the process of liclng i-endered insoluble is unceasingly op- 
posed to the tendency to become insoluble the cultivated soil 
opposes the contrary one, that of becoming soluble. The humic 
acid, the carbonic acid, tlie nitrate of soda, the root.? of piIantB, 
fungi, bacteria, the circulation of idr and moisture, are. consta.nt 
ageuts of activity which do not allow the soluble phosphoric acid 
to come to rest. As soon as precipitated phosprhates are formed in 
the soil with a portion of the phosphoric acid whether from Buper- 
phos]3hates or basic slag, the agents in the soil just enumerated 
exert their solvent action and bring back tlie phosphoric acid to the- 
solnhlo state, the lime, ahunina, and oxide of iron reprecipitate it 
iigain in part, the agents in the soil bring it back unceasingly to the- 
soluble state, and so on. The phosphoric acid, therefore, is not at 
rest in the soil ; it passra fi’om one state of combination into- 
another; it unites to one clement for a fleeting union and quits it 
to unite to another element to form a iinion quite as ephemeral, 
for the agents of comhination a,nd solution contained in the soil 
are engaged In an incessant struggle to seijse and cjuiy away the 
phosphoric acid for themselves; snmetimeB it is the one, sometimes 
the other, that remove it in a transitory fashion, Gut the phos- 
phoric acid retains its iustabill.ly. The more intensive the culture, 
the more the soil is serated, rich in humus, the more abundant the 
manuring with nitrate, aromorriacal and potash salts, the deeper the 
tilth, the heavier the Ci'Ops, the loss chance has the phosphoric acidf 
in excess enlrnagted to the soil of passing to the soluble state, at 
least in large enough amount to occasion fears as to its action,” 

In. support of these argumeirts Wagner relates the results he 
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got with experiments on basic elag on a meadow, poor in phos- 
phoric acid, which only yielded about tons per hectare of hay 
(say 12 ewt. per acre). A series of plots received 900 kilos of Rasic 
slag per hectare, say 320 kilos (704 lbs.) per acre on 30 October, 
1889, another scries remained unmanured. As an auxiliaiy manure 
the same amount of kainit was applied and the same dose applied 
■every year. The phosphatio luamu’e was not renewed. The 800 
kg. of basic slag per hectare (704 lb. per acre) applied once have 
produced : — 

TABLE XLIV.-SHOWINCt FOB A KUCCBSSION OF YEAIlS THR IN- 
CBEASE IN HAY FROM ONE .APPLICATION OF BABIC HLAG TO 
A rOOll MEADOW, 

Ymr, 
inm 
im 
^m 

mi 
im 

inyi) 

I8y7 
ISiiilB 

lil ,360 

The manuring with 800 kg, per iiectare (704 Ih. per acre) of 
basic slag, once applied, has continued to act during nine consecu- 
tive years, and lias produced duriTig this interval Id'fiSO metric 
tons of hay per hectare, say 5 tons 12 cwt. per acre. In this ex- 
periment the basic slag has not been rendered insoluble, and the 
reserve of nianiiro entrusted to the soil has been nothing less than 
profitable. It goes without saying tliat this experiment, hy itself 
alone, ought to afford instruction aa to how a phosphate manure 
once applied behavefi in it,s restorative action, for to entrust a soil 
•with a resetve uf fJianure, and to allow this manure to act for nine 
years without restoring the amount eonsumwl by vegetation, would 
be quite irrational ; moreover, the above expenments, which have 
been varied by others iu different directions, have shown that a 
yearly application of manure still further increases the yield.^ 

' It is hardly sound or lORicaJ reasomuR to apply the permanently basic slag 
in the soil to that of superphosphate. This meadow possibly was sonr and 
wanted lime which basic slag supplied. Part of a 25-aere field was limed, then 
planted with Hoots pine ; the pasture under the trees on the limed portion was 
■ciiBily'diffcrontifitfid hy its excellent quality 40-50 years afterwards from the 
almost htiTc noli rued portion.— Tn. 
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COMPOUND MANKBES.I 

Mmiifiidwre vf Mixed ManuTen.—'Mvi manures generally used' for- 
admixture •with superphosphates are Peruvian guano, bone dust,, 
sulphate of ammonia and nitrate of soda, hut the Peruvian guano dis- 
patched from the spots of production now is much legs richin nitrogen 
than that imported in the past. Its place is taken by sulphate of 
ammonia, ground horn, dried blood, dried meat, etc, Superphos- 
phate of potash is also prepared. The mixing is done as much as- 
possible after the phosphate is dissolved. Mixing is not done iru 
the dry state, except when it cannot be done otherwise. 

Hand labour is the best for this kind of -worlf. The materials,. 
pi'O'viously weighed and sifted, are made into a 2 ton heap by means 
of a portable box (? barrow) capable of holding iOO kilos (2 cwt.).^ 
To turn the matter properly the shovel is plunged into it veHically,, 
so as to mix it, then after having sifted it, it is made into a heap in 

^ In the wet mixing of cowpomid manures where Buch tilings as sulphate 
of ammonia, meat meal, fish guano, bone meal, kainit, shoddy, etc., go up tho 
fflipB, retragradation is less marked. The otliec ingredientR 8ippa,Tcn+.ly, at 
least, retard rd.rogradatinii , it tliey tin itot, [irrivoril it tii a great extent, A 
30 per cent soluble pliasjjluite whiek rulrognickd 8 to 4 per cent in a lew mouths 
when dry mixed BO OR togiveSiC per ciint Rolublo phosphates nud 7'0 per cent 
ammonia, maiulaineil that (WiiijMsitioii exmill.y for several raontbs in a 350 ton 
heap. It ia bettor to use up supurphuspliates with sueh a marked tendency to 
retrograde iti the making oi wet mixing compound manures.— Tn. 

^The British manure manulacturer works in cwts, to the ton, thus 
a very easy calculation shows that 8| ewts. of sulphate of ammonia (of 20-5 per 
cent N) to the ton mixing, gives 9 per cent of nitrogen in the, mixing; n Bioiiliir 
easy ealenlatioii sliiiwe 11^ iiwta. of SL[ierpti[PX|iliaLe with 85 per cent of soluble 
phosphate to the ton mixing, gives as near as may be 19'647 per cent of soluble 
phosphate in the mixing, and ] 9'B47 of soluble phosphate is equal to 9 per cent 
of soluble phoepborio acid (9 x 3T83). 

It 18 all very well for the author to say inert Ingredjents should not be used, 
bnt it is often impossille to avoid the use of gypsum, the more so as it dries the 
manure and gets the core through the screen. To get the core in this case through 
the screen with bone dust would he a waste of money, as apparently no value 
is attached to insoluble phosphate. Supposing the superphosphate naed tests 
in this (iaae 38 per cent of soluble phosphate, it is a, clear case for, the adtliliom 
of gypsum instead of using two glides of superphosphate. Moreover, a manure 
of this nature with neither potash nor bone meal would have ao backbone.--lK. 
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the iavevge order, that is to say, by lifting it from the ground to 
throw on to the middle of the heap.* 

These fhanipulationa are sometimes mther unpleasant, such as- 
the disengagement of dust, etc., nevertheless they form the best 
method of mixing. The materials so mixed arc after wai-ds passed 
through a C&n‘’s disintegiutor or through the toothed crusher and 
a very homogeneous mixture is thus obtained. Inert inateiials 
should be avoided in these uiixiugs, By mixing high strength 
superphosphates with low strength superphosphates common sorts 
can be mode without recourse to inert materials, sand, plaster, etc. 

[Sii^erpkospliak of Amvionia Ammniated SuperphosphatA.— 
Although the composition of this manure is very variable, the most 
usual strength being 9 x 9, 5 x 10, or G x 12, the first figure in- 
dicating the percentage of nitL'Ogen, the second the percentage of 
soluble phosphoric acid, this manure is in great esteem. It is 
analogous to dissolved Pei'uvian guano to which farmei-s are 
aoenstomed. It, moreover, presents this advantage, that its acid 
reirogi'iules less easily in the soil than that of pure superphosphate, 
seeing that the sulphuric acid combines first with the bases wRich 
it encounters in arable land. The mixture of superphosphate with 
sulphate of ainmonia is easily made. Sulphate of ammonia is 
delivered in a finely gi'ound granular condition. It contains 24‘5 per 

^ Thiij cxpltmation is aot very intelligible; possibly tlic fallowing will Biatc 
it plainer 

Take a 10 ton mixing aceording to the following formula 

'Tom. Cvls. 

IS owl. BUperjiliosplinle . . . , . . = 7 10 

3 owl. eiilphate of ammonia -- 1 10 

1 owl,. Ijone meal 10 

1 cwt. muriate of potash - 10 

First of all the tons of superphosphate w-ould be laid down in a hnap and 

accurately levelled, then the IJ tons of sulphate of ammonia wonlrl be spread 
uniformly over the levelled top of the heap, then the J ton of bone meal nni- 
formly over that, then the muriate over tliat. Then a screen with two men 
would be placed at one end of it and a man to get the stuff for them, that is by 
digging down the liaip vertically ami mixing it for the two men to shovel it 
through II, j innli or 1 inch Rfireen. Wlien this first screening is done the 
material is screened tlimugh in the reverse direction, but this time through 
a J inch sieve. It the heap has been laid down anything like piDiwtionately 
and onifonaly, samples taken from any point will agree in analysis in a manner 
that those who have not seen it done would hardly credit. K the 74 tone of 
superphosphate were taken from the superphosphate heap, if the foreman baa 
a good eye for hulk and weight there need he no necessity to weigh the 7^ tons ; 
he can tell to a nicety its luiJk. Tr. 

'‘This name as used by the a.iithor is misleading, applied as it is to 
a mere mechanical mixture of sulphate of aminoiila and superphosphate of lime, 
and wonld not pass rnnstcT in a. court of law in Great Britain. The translatoi* 
hafl altered it to ammoniated superphosphatH. Superphosphate of ammonia 
seems to imply that it is a superphosphate of lime in which the lijiie is replaced 
by ammonia. But that does not occur imtil the manure is dissolved by thn 
moisture in the soil,— Ihi, 
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cent NH3 = 20'2 pr cent N and about 1 per cent uioisture, which 
is an advantage for the manufacturer, for the mixtures 9x9 have 
to be delivered with a maximum of 6 to 7 per cent of moisture, those 
•of 6 X 10 with a maximum of 8 to 9 of moisture, if it be not desired 
to be exposed to annoyances by the formation of lumps (? loose 
caking in the saeksj. To obtain very homogeneous superphosphate 
of ammonia (ammoniated superphosphate) the sulphate of ammonia 
is added during the “ dissolving ” of the sirperphosphate hy dissolv- 
ing tills salt in the sulphuric acid used \m decoiiipse the super- 
phosphate, but this method of proceeding is not applicable except 
■with small amounts of sulphate of ammonia.^ 

The process generally used in malting “ supei’phosphate of 
ammonia ” (or iimmoriiaiied Huporpliospha>te) is as follows. The 
•dry superphosphate of ammonia deliver^ in 10 ton wagons, being 
stored and analysed, the amount of superphosphate and sulphate 
required to give a mixture of 9 x 9 lias to be calculated. Suppose 
that the sulphate of aminonia contains 20-5 K, then 20‘3 kg. 
coiTespond to 100 kg. (iNHJ,,S04, 9 kg. correspond therefore to 

^ ^20^ ~ '^kere remains then for the super- 

phosphate 100 - 42 = 58 kg. These 68 kg., of superphosphate 
must contain 9 kg. of soluble phosphoric acid, which corresponds to 

— ~ ^ phosphoric acid. To make the mixture 

the 10 metric tons of sulphate of ammonia are laid in a heap 33 ft. 
long and on each heap the necessary portion of supe:rphosphate to 
the total of 12‘777 metric tons. Two labourers mix the two with 
the shovel, making the wdiole into one heap and recommence the 
same in an inverse direction. The mixer is then passed throngh 
Carr’s disintegrator or tho toothed orirsher, then it is laid on a big 
heap in the warehouse for the ingredients to combinc.- 

Mixtiires of siq')erphosphat,fi and sulphate of ammonia, exhibit 
phenomena of a peculiar nature. They gradually heat and become 
damp to the touch ; they dry again, and owing to the formation of 
gypsum, they harden more and moro. Tho reaction lasts for a 
variable time. It depends on the nature of tlie superphosphate and 

1 Quite so, hut Ikera ir iio necesRity to antniUly mix llio [UDinonia 
will] tUb aciii hbforb niimiiif^ tiie JdittuT the Jiiixor. I'he Hulfilmti; «hji i;() 
up thft cijpR like othfii: ingredieuts, ft.ufl prenerif! the tithnc ingvoflientFi if the uuin 
ia dmrgb laucies that Btylb of juixing. Tlie trariKlator, boweveir, lias no great 
faith ia the soheat action of Bolphuric acid after it has been so far converted 
into au acid aalphaie of ammonia. He prefers to send the suLpIiate up the 
eups last, after the acid has done all the work it is intended to do.— Ta. 

A disintegrator, whethor f)n rr’s or any othor mtike, has ite imo in inn.riurc 
taetorieii, but it is not at all necessary Lu resort to it on every occasion and 
to put all the manure laade in the factory through it without rhyme or 
reascQ.—Tu. 
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its niDiniier of trtaniifs,fitiire, and may end in tift.ee.ii days, when the 
mass is in ,a lar^e heap and exposed to a m taiii pressiwe. “ Super- 
phosphate of ammonia ” {ammoniated superpliospbate) forms a 
liwd, Kometiraes rocky mass, the shiftm^f of which is expensive, lor 
one is obliged to blow it up with gunpowder {!!!),' It is onished Irt’ 
Carr’s disintegi-ator, is passed thiough the sieve, and bagged up 
immediately afterwards, for it does not solidify again if niadi' 
;:i,ofiOvding to rules, tlmt is to say, it' each gniin of sulphate, of 
ammonia is united to its grain of superphosphate to t'onn a sulpho- 
pbosphate. To diminish the liavdening as much as possible, sand, 
or better still, irowdered peat, sawdust, wool dust ('? scutch), or chim- 
ney soot are added, and in the second place, immediate saturation ol 
the sulphate of lime by the addition of a little water. The sgcoikI 
grinding is therefore neonssary to effect the jrerfect mixing of the- 
two itigredLonls. .Tn fact, if the siihsta,nce be .walyxed after the first 
cnifihifig, there will be found 8'S per' cent of phosphoric acid and’ 
9'3 per cent of nitrogen, together 18 per cent, but after the second 
crushing the product uniformly sho\vs 9 per cent of phosphoi ic acid 
and 9 per cent of nilA-ogeii, This method of pieparatiou servcB,. 
equally, for ail the mixing It is desired to make su])(;i'phosp]mte 

of ammonia d x ID. For 100 kg. of luixiure, Urkc ^ ^ 


kg. of sulpbabof aimnoniaof ‘20'6 per cent, N, and conrsjqiiently 
7tT() kg. of superphosphate containing^ 


phosphoric acid, if it Ite a case of a wagon of ID tons of sulpljiilc 
of ammonia, 41 tons of the mixture will be obtained of the 6- x if> 
inlxtnre, roqttiving conscqucrttly HI tons of supeiphospliate. It is. 
easy to bring the superphosphate, to flip, right Rtrengtli by mixing a, 
high strength superphospliate with a low strength superphosphate- 
or with gypsum free fiorn iron, alumina, and carbonate of lime, a. 
piooi: superphosphate with a j ioh supeiphospbate, or with a double, 
superphosphate. 


1 III tliK )iiiri5eiiin« o£ llic (Uitlioj-’n SD-callp.il. superphosphate of am- 
inooia he Hcoini Ui noririise iiiuiiifi operations by the wet wny with fboRe by 
the (iry way. it is perfectly tomible tlnit thniupli bwl mimipttlatien a raixinje 
might BO hwiicn in the “ ikuu ” lliat it might .almost teiinire blasting openitionn 
to hroiili it up, bat only tbrougii culpable, nay wilful, neglect on the part of the 
man in charge of the mixer in not rimning in the proper flmoaut of aciil.. 
Fimie oiual auif .sulphate of ammonia give a very bard glutinous mixing when 
sent up the cups, but siilplmte of nramoriia and phosphate alone should do uu 
such thing. The tranglfttcr has made numerous dry mixings o! superphosphate 
with KiilpliaUiijt junmonia in all proportions and never found the Imi-detiing 
to go further than eating, bat lie always made a point of having at least 1 cwK 
to ewtfi. or even 2 cwts, to the ton of hoiie meal in such rijixlngs, and this 
tqjfc it friable and opmi, h.iicI when the stimulant elements of the jnamire had 
done their work then tlic plant had something to fall back upon.— Ti). 


10 
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TABLE XLY.~NUMBEil OE CWTS. KEgUIBED IN A .5 TON MTXTNft, 
OR OF TONS IN A ICO TON MIXING OF A SUPERPHOSPHATE OF 
A GIVEN STRENGTH IN P,.0, TO PRODUCE A MANURE OF A 
GI\'EN STRENGTH IN P..O-> 


I PqOc in Rie .Mixture. 

j tin; jiuptT- : ' — j r~ . . i ■“ 

IphllBplmU}.; g.g j).(, ^ I ,^.3 14-3 l;,.,', 

i l.rl .58-W-5S'&a 50-60 C4'Sy(i.r5 'f)6''22i78T476-79'79-47! j j 
; l:va u7-0fl;r>8-rj(iu9-3161-()«6.5-lS6.1'0r)|77'(i4 7R-29|?8 9(i: ■ 

I l.va o7-7L.W'17:RS-6‘i(;4-C4'(14-71:H,'i':i()i77-ll{77-76j78-4S; ; 

I 15-4 '37-15‘57-80'58-43:60-63l64-28 64-')4’76-0377'i7!77-'J3! | 

I 15-5 56-78|67-42 58-06, 63-23;63-87:M'5276-14 76-78!77-43! ; 1 

: ,56-4157-Q657-69:(i2-«2!6.T46:()4-10'75-(;57lr28i76-93; j | 

i 1,3-7 56-06 56-r.O 57-32 62-4i:(), 3-D, 5:(>;i-60|75-1675-78j76-43: i ! 

I U5-8 ,i,6-69:,36-32 5rr9li'(i2-(ll;li2-6;l 6,1-28:74 -67 75-;-{0|75-97: ! I 

■ 16-9 .56'35i,5a-98'5(i-5061-fi3jC2'26l,V2'fiO74-22;74-84;7.V48! i , 

- lC-0 55-06L35'63 56-24!61-25:<n '87 i)9-,5i) 73-73 74-37i73<Oli | 

: l(i-l 54'C7:-7.5-2955-90!60-87:(jl-4962-12;73-30j73-91;74-54| 

i 10-2 .54-31) , 54-9;)'o3-, 5a 00 40.01 10 61-73 72-8573-4,574-06; | 

' 10-3 .53-99-S1-61'5.5-91 001200 - 7:3 01-3-5 72-4i>:73-00i73-62| 

i 10-4 a3'67|54-28|54-88;59-7a!60-37 6a'9B71-%J2-5673-18: } ! 

; 10-5 ,53'3.3!53-9U,54-5C,5}|-3RlMMiy(iO-607M2';72-U 72-73! ; i 

' 10-6 :53-02i.53-li2.54-2l'5;)-03'50-(;4 00-24 71-0<,)i7i-68 72'30! ! i 

- 10-7 :.52-70 -5;3-30,53-89 o8-fi8:,50-28 . 59-88 70-00.71-25 71-86 ! i 

. 10-8 52-38'52-98 53-57 «8-'i3 , 58-92 . jy-r>3.70->0, 70-81 71-44 ; 

' 16-9 52-fl7:,52-(jri5:3-25:57-98'58-.5,5 5'.)-T760-7270-41 71-01, ! ] 

i 17-0 r)l-77!52':-l652-9457-00:5H-245R-8,V()<.l-1270-00.70-00 ' ! 

1 17-1 yl-405-2-l!5o2-62!-57-31'57'89,,’)8-48 6y'01.09-58 70-l.R ' ; 

' 17-2 .5M7i51-75:52-3266-98!67-5.5.58-16 58-01 6',)-18 09-77 80-00.B6-64O7-22! 

17 -.3 -50-88!5I -45 ,52-0‘i:5()-0.5:57-23!.57-.81 08-22 08-7900-37 ;R,5-,57 8G-14'8rr72; 
i7--4 ,)0-58;01-10'51'72i56-32:50-'}0'57-48.07-83:08-;i908-98'85-07 85-65'86-23- 

17-.5 .5«-29l50-H7:51.-42i,56-Ol'.50-,57,57-15:67-44i()R-00()«-r58.84-5}):Rr»-15|R5-72i 

17-6 ,50-05i00'S8 51-23 55-6,8 56-24 .50-82'67-05'l57’01 08-19 84-1084-67 85-23; 

- 17-7 49-7-2 50-28 SO-H455-37. '>5-93 ,50-49 00-67 67-22 07-79 8:!-62 84-lSft 4 -74i 

! 17-8 !49-44'50-00,50-a0i5.5-Oo;55-02 56-18,60-30;G0-84 07-42'88-10,83-71i84-28! 

1 17-9 !49-1l]i49-7’2;,50-27:54‘74:, 55-30 .55-8ti!l)5-9'2:0(i-4(>.67-04:82-08i8:3-24'R3-79i 

, 18-ri ;48-R9!40-44:49-S954-4.4:.34 ■99:55-5.5 0,j-55,00-10;t;0'G7A2-2282-77;83-33‘ 

i 18-1 48-6-2!49-17l49-72:54-i4l54 09', 5, 5!2,'i|0i7-i9.0-5-73 60-30:81-77 R2-31;R2-R7! 

, 18-2 :4«-3,5il8-90|-l9-14i,53-a4'54'39.54-94:fr1-83'65-37‘6.5-94:81-32'81-87'82-ll- 

i 18:4 ,4H-08148-63i49-17'53-y5 54-0!i.54-04'04-48'05'0i;05-o7:80-87'81-4i:Kl-!)6' 

' 18-4 !47-83i48-3S48-9l;53-20|53'80'.54-36:04-13|04-e8!65-22l80-44,80-97;81-53| 

I 18',5 !47-,5(i.48-lo!48-64|5-2-97'o3-51;,54-05i6,S-78:04-3i;r>4-H6!«)l-00:8O-, 5481-081 

! 18-0 !47-32|478i518-.89L52-r)9753--22;,7S-76ir)3-4,7;r).S-f)7:C4-,52:79-.58:8O-lli80'66i 

1 18-7 l47-07 47-GO|48-12:52-4l!52-9403'48:OS-ll:C3-03lC4-i8'79-lf>;79-(i«'80-23! 

I 18-8 |46-8(l|47-3447-8()i52-12!52-65i53-L9i()2-7603-28i6S-K, 8:78-78 70-2,5.79-79] 

I 18-9 ;46-50j47-09j47-Cl|51-84:52-37'.52-90p43j62-95i63-49J8-30J8-83;79-36[ 

.^uperphosplMto of Ammonia and This (a aicehaui- 

<jal mixture of sulphate of ammonia and potash salts) is prepared in 

■This also Is a uauiB -wliioh ^vould nol jms muster in Great Britain, 
implying as U does that it is superphosphate of lime in which the lime has 
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ibe^sarae way, Suppose it is desired to prepare a mixture of this 
nature wiih 5 per cent of nitrogen, 7’5 percent of potash, and 9 per 
cent of phospharfo acid, and that there was to be used for the pur- 
pose sulpliate of ammonia with tiO'S N, and potash salts with 
37 per cent K. To get lOD kg. of superphosphate of ammonia and 
potash it is thenjfoi'e uecesaai-y to use - 


20T” ~ ^ of ammonia, 

too X 7'5 

ST-O" “ oonsequently 


100 x _9 
55'-3 ■ 


55 '3 kg. of superphosphate testing. 
16'27 per cent of phosphoric acid, 


Ten tons of tlie sulphate of ammonia used would therefore give 
11 tons of the compound manure. It would thus bo necessary to use 
31 tons of potasli salt pins 9iJ]3e.r]5hosphate, say 8'32 tons of the first, 
and 22’680 of the second. These manure uiixtuiXig find au outlet 
chiefly in regions where the vine, tobacco, the hop, and vegetables 
for preserves are Cultivated. They are likewise esteemed for the 
culture of the sugar beet, barley, and potatoes. Mixtures of super- 
phosphate ami potash salts become reAtiily moist in the store, so 
that they oaunot be prepared a long time in advance. The use of 
•calcined salts prepared from the waste of jwtash factories, have the 
drawback that they nearly always contain magnesium chloiide. 
When they are dried with precaution at 100° C., they arc exempt 
from basic magnesium compounds. The retrogradation of the 
Soluble phosphoric acid in mixed manures under the action of the 
liftsic salts of potash, have been stutlied by Ummerling as a result of 
experiments thereon. By ti-eatiug salts of potash in the rcverhci.u- 
tory furnace to partial fusion, about 800° C. (H72'' F.), the mag- 
nesiuin chloi'ide which they contain is decomposed in the moist 
Condition as follows: — 

MgCl,-bHp=MgOHCl + HCl 

According to the equation — 

CaH,(P0,)-' + MgO « CaMgH.,(PO,)2 + Lip, 

a molecule of magnasia can retrograde a molecule of phosphoric 
add, from which it follows that one part of MgO can render 3’55 per 
cent of ijhosphoric acid insoluble. If one use, for example, twenty- 

been fthemically replaced by eiiuivalent prcportiona of cunmoraa and wtash, 
■whciess it is a mere mechiiDical mixture of mutarphoephate with sulphate of 
ammonia and potash snlte.—Tr. 
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nine parts of potash salts with 2’0o per cent of free magnesia 

2 X 0‘5 X 29 I 

{percentage controlled by estimation), the i='0'59 part 

MgO suffices to oonibino 0-59 x 3-55 = 2 parts of pltosphoiic acid ; 
as an actual fact, only 1'4 of insoluble was obtained, which proves 
that the magnesia did not exert all its action. The cause lies in 
the slight solubility of magnesia, and in the fact that the salts of 
potash coTYihine partially %vith the precipitate forriisd, so that a part 
of the phosphoric acid of this latter remains in solution. 

Nitrophosphaie. — The use of nitrate of soda in compound 
manures ia rathei' restricted ; it ig used in making nitrophosphatc, 
sometimes in nitrophosphate of ammonia. It is found that nitrate 
of soda and sulphate of ammonia arc incompatible, and that in 
fact it is better to use these manures separately. Besides, mixtincR 
of superphosphate and nitrate sometimes enter into spontaneous 
combustion in the bag^d The mixtures of superphosphate and 
nitrate must be dry mixing. They are no longer objects of Icnoi' 
to the maniifactui'er, provided that the superphosphate used has 
been properly made, for diy nitraf.e of high percentage mixed with 
a superphosphate, likewise dry, docs not give off nitric acid and 
cause loss of nitrogen as was often the case formerly when supei-- 
phosphates were wet and tlie iiitrates charged with chloride of 
sodium. The sodium chloride decomposed by the free j)hosphoric. 
add caused the bags to burst in transit, for tiiere is no substance 
wliicli rots bags like free chlorine and fluorine, two elements given 
otT when nitrate and damp superphosphates are mixed, 

Finally, a manure is made for meadows by mixing kainit with 
superphosphate or with basic elag.^ The mixing entails no difficulty. 
The ingredients are mixed with a shovel, then the heap is turned 
over, the product perhaps passed immediately to the centrifugal 
crusher, then to the sifting machine. If the kainit be in blocks or 
lumps it must be passed to the crusher to reduce it to the desired 
fineness. 

It has already been remarked that in the case of the super- 
phosphate of ammonia of high strength, tlie pliospliorie acid soluble 
in water did not retrograde even when the superphosphate entering 

' When manui'e coottilning nitra t* takes five spontaneously in the. U\gs it 
is not a ease ot damp or weJ superphosphate, nor is it a case of impure nitrate ; 
but it U due vvliclly and solely to the superphosphatfi fresh from the niixing 
“don” heiug mised wiUi tlic iiikatu and lagged up before it bus had time to 
cool. (Icld Buperphnsphale, however tlamp, does not act on nitrate of soda, 
unless in very warm weatliei’,— T«. 

‘■'Kainit long in stock is generally so damp that it blocks .and chokes up 
the crusher. The only way to grind it is by hand labour, by the aid of wooden 
mallets with Jong arms, a,nd it is altogether a nnstly piece nf work. Kainit 
should not be tstuicd in sacks but in bulk on a concrete floor where the water 
can drain away from it.— Tm 
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into the mixture was of such a nature as to njadlly letiti ilaelf to 
retrogradatiou. The causes of this phenomena aie of both a 
physical 'and chemical nature. The more the superphosphate is 
distended by balkst, which is here sulpimtc of ammonia, the mom 
distant the particles aiu from one another and pi'eserve their con- 
ditiou. From a chemical point of view, sulphate of ammonia 
possesses the property of hiTidering the basic sesquioxides from 
precipitating themselves, but it is clear tliat a retrograded eitpea*- 
phoaphate cannot be improved by mixture with sulphate of 
ammonia. 

Tables for the Calculation of Siipcrplmphates of Aimmiia . — 
The first vertical column of Table I gives the content of sulphate 
of ammonia in per cents of iritrogen, fioni one-tcntli to the next 
tenth vvitliin tiie limits whiclr are generally met with in practice. 
The top horizontal column contains the uaua! percentages in 
nitrogen of supei|)h 08 phates of ammonia,” s<ay 2, 3, i, 5, 6, 7, 8, 
9 per cent of nitrogen, The figures contained at the points of 
intersection of these vertical and horizontal columns show the 
uumbor of owts. of snlphste of atninoni.! th,ati innst be added to the 
heaps to get 100 owts. of the mixture with the desired nitrogen 
content. Thus, lor example, to get a superphosphate of o x 10, 
with 4’9 per cent of nitrogen from a sulphate of ammonia, of 20'2 
per cent of nitrogen, It is ncccssaiy to add foi' 100 cwts. of mixliiro 
sand (!) and guper[)hosphate, including 24 to 25 cwts. of sulphate 
of ammonia. Table If gives corresponding values for calculating 
the superphosphates. 


TABLE XI.VI.-S no WING IN OWTS. THE AMOUNT OF SULFHATE 
OF AMMONIA OP DIFFEBENT STRENCTrifi THAT MUST BE 
CONTAINED IN A A TON HEAP TO GET A MANURE CONTAINING 
PBOM I-HAO TIP TO -5 PEB CENT NITKOGEN, 


Percent 

1-85 


i’HS 

2IJ-0 

... 

31J0 

3(W 



9-49 

9-74 

10-00 

10’26 

14 ’03 

14-87 

1.5-I.3 

15-38 

196 

9-44 

9-69 

9-95 

19 -21 

U54 

14-79 

15-05 

1,5’3l 

19'7 

910 

9'C5 

9-90 

10- L5 

14 -40 

14-72 

14-97 

1.5-33 

19-H 

Mi 

9'fi9 

9-«,') 

10’ 10 

14 ’39 

14-64 

14-89 

1.5-15 

10'9 

9-30 

9-55 

9-80 

1005 

14 -33 

14-57 

14 82 

1.508 

20’0 

9-2.5 ! 

9-50 

9-75 1 

lO'OO 

14-25 ' 

14-50 

14 '75 

15-00 

20'1 

' g'20 

9-45 

9-70 1 

i 9 ’95 

1 11-18 i 

14-43 

14’68 

1 14-92 

20-2 

9-16 1 

9-41 

O'liC ! 

9’90 ' 

' 14-in i 

14-35 

14’60 

' 14-05 

30 '.t 

i 9-11 1 

1 9-36 1 

1 9-01 : 

' 9-89 

1 14-0+ 

14-29 

1450 

j 14-78 

20 '4 ; 

9-07 : 

1 9-30 i 

! 9-56 i 

’ y-HO 

1»’97 

14-23 

14-45 

1 14-71 

20-5 

9-02 

9-27 

i 9'61 

i 9 '75 

1 18 90 

1 14-15 

14-42 

i U-63 

30'(; i 

1 8-98 

9-22 : 

; 9-47 1 

0'71 

! 1$'83 

! 14-08 

14-33 

{ 14-56 

20-7 . 

8'94 

9-18 , 

9-42 . 

! 9-66 

i 18-77 

1 14-01 

' 14-2-5 

1 14-50 

1 
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F«rceiit 

N 

3'S5 

s-w 


4-11 


.* 


5-UO 

ID'S 

19 '74 

90-1)0 * 

211-26 

20-51 

24-47 

25-13 

25-39 

25-64 

19 '6 

19 ■«4 

19-90 

21 -5 

20-4) 

24-74 

25-00 

25-2.5 

25-51 

19'7 

19-34 

19-80 I 

20-04 

30-31 

34 '61 

■24-87 

23-18 

26-38 

19 8 

19-45 

19-70 i 

19-95 

20-20 

24-49 

24-76 

25-{)0 

25-2.5 

19-9 

19-35 

19-60 

19-85 

20-10 

-24-36 

24-62 

24-87 

25-13 

20'0 ■ 

19-2.5 

19-50 

19-7.5 

20-0 

24-25 

24-50 

24-75 

25-00 

20’1 

- 19-15 

19-40 ; 

19-65 

19-90 

24-13 

1 24-38 

: 24-62 

! 24-88 

20-2 

; 19-05 

19-31 ^ 

19-55 

19-80 

' 21-01 

, 24-25 

: 24-50 

24-75 

29'9 

. 18-97 

19-22 . 

19-45 

19-71 

' 23'8n 

24-14 

: 24-39 

I 24-63 

20 ’4 

1 18-88 

19-J2 ; 

19-30 . 

19-61 

28-78 

! 24-02 

24-27 

■ 24-51 


1 18-76 

19-02 ' 

19-27 ' 

19-.51 

: 23-65 

23- 90 

24-14 

• 24-89 I 

20'() ' 

! 18-69 : 

18-93 i 

19-17 : 

19-42 

' 2:5-54 

■ 23-79 

24-03 

: 24-28 1 

20-7 

^ 18-60 

18-84 

19-08 i 

19-32 

■ 23-43 

23 67 

: 23-01 

' 24-1.5 1 
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THE MANUPACTUUE OK I'HOSEHOlUC ACID, DOC-ELE SI'PKK- 
rUOSPHATES, AND VAlUOrs I’KODrOTS. 

HislA)rical Bemw. The maimfiictui B of jihosphtiric siciil has lost 
much of its former importance. Tlie nuivkel (or luw lUiitevials and 
finished products constitutes one of the most iiuportiuit factoi’s in t)ie 
development of an industry. Ponnerly, when pure phosphates of 
high strengtli were rare, wliilst phosphates of low sti'cngth abouiuletl, 
the phosphoric acid industry and its derivatives were in tin excellent 
cniidition for lividg and prospering. The extensive, deposits of 
phosphorite in Germany induced inanufactnreis to devote theni- 
flfilvcs to the manufactiii-e, of a, product which, separate*! from the 
impurities which accompany it in the raw matei'ial, tvas admii'iihly 
adapted for the manufacture of one of the most esteemed mamirea, 
which is the double supcipho .;phate. The disooveiy of the’ Ijahu 
phosphorite l)edfi took place at the same epoch as the Sti'assfurt 
deposits of poUsii salts, when Liehig had just formulated Ids 
mineral manure tlieniT. Labn phosphorite, which, as is known, 
contains a large proportion of iron and alnmin;!,, was received with 
open hands by uianiifaclui'ers, hut great was their iistonishment 
when they realized that this uialcria) was absolutely unfit forsupr- 
phosphatfi manufacture. Dissolved by sulphuric acid, it yielded a 
product, the soluble phosphoric acid content of wliieh, already low* 
enougli, diminished still further iri such great proportions, owdng to 
retrogradation, that 8uperphosphs.te mamifacturers had to abandon 
its use. Two large chemical factories, which owned a gi*eat part of 
the Lahn phospliorite deposits, tried to utilize the material in 
phosphoric acid manufacture. 

The fundamental idea of the process ol' mamifiicture is con- 
tained in Graham’s method of analysis. It consists in digesting the 
pulverized phosphate with 5 per cent sulphuric acid, in titrating 
the dissolved phosphoric acid hy uranium solution, leaving the oxide 
of iron intact, The principle of the process is thus represented by 
the following equation 


( 151 } 



152 


CHEMICAL MANURES. 


Ca, .(1^0,P + 3H.,8Q^ = SOaHOi + ‘iH .fO^ 
aiO 294 408 1% 

(MM ' fil)4 

Ey a, stl'ange coitiftidfinoe, the olfl ma,Tin,%lfi state that by timt- 

Lrioalcie phosphabt; with dilute sulphuric acid, iiionocalcic phos- 
phate is obtaiaed. Now this statement is ei'teneous because, as will 
be seen further on, only a small amount of phosphoric acid enters 
into solution. But even by using sulphuric in insufficient amount 
like that calculated for the preparation of nioiiocalcie phosphate, free 
phosphoric acid is obtained seeing that a part of the Ca,,(PO^)® re- 
mains under, om posed. As far bach as 1870, the firm of 11. & E. 
Albrecht at Biebrich, installed an experimental factoiy for the mauu- 
factin'e of phosphoric acid, but tlie affiiir turned out badly because 
at that Lime suitable appliances for separating the phosphoric acid 
from its insoluble residue were net in existence. It was only by 
the use of the filter press already known at that time in sugar 
wot'k.s, that the manufacture of phosphoric acid became lucrative, 
for the conyersiorL of dilute phosphoric acid into double super- 
phosphates did not in the beginning present insurmountable diffi- 
cultic,s. New this double superplinsphsite^witb a minimuin of 40 
per cent P^O^, — soon became in very great dsmand, as much by 
agriculturists as by manure manufacturers, to whom it afforded a 
simple and easy means of securing a high percentage of P/ls- 
But let us examine the manuFacture of phosphoric acid a little more 
closely. 

Maiiujacture of Phosphork Acid— A. 50 per cent phosphate 
(Ca^jPPg) is used. U damp, it is dried on metal plates. If lumpy 
the lumps are crushed by a jaw-breakBraiid then reduced to the re- 
quisite fineness by a flatstoiic mill or a ball mill. The ground phos- 
phate is then fed into the vats by a chain elevator, 1 to 2 tons i^er 
charge ; the sulphuricacid and the necessary water (wash watcrcon- 
taining PPr,) to dilute the acid to 16“ B., is run in at the same 
time. The charging of the vats lasts twenty minutes, and during this 
time decomposition is completely effected, the phosphoric acid is 
liberated, the sulphuric acid hn,s taken its pla,ce and combined with 
the lime to form gypsum, which has to be separated from the 
liquid. For this purpose the muddy liquids from the dee:)niposi- 
tioii vats are oollectod in a collecting Lank lower down, fitted with 
an agitator, its rdle is to maintain the solid particles in suspension 
until the mixture is forced to the filter presses by a membrane 
pump, in which the aeid liquid alone comes in contact with rubber 
or lead. The filter presses used have 50 plates, and are capable 
of treating 14 tons of phosphate in twenty-four hours (say three tons 
PPs). The filter plates are of pitch-pine, the frames are of the 
same wood or of oak, The gutters are of plum-tree wood. When 
the filter press is charged, its contents are washed with water under 
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,pi’6Bsare until the liquid which flows away ouly tests 0‘25'' B. a 
densiliy equal to that, of f^iypsuni -saturated w'atei-. The wash water 
then conf,aifi8 nti an average 3 per cent P,0.. ; it is used, as ali'eadv 
seen, to reduce the sulphutie acid to 16" E. The phosphoric aoiii 
collected in a “weak solution ” tank tests about 12° B., say about 
4° D. less than the sulphuric acid used ; there in reason to conclude 
that a part of the latter has combined with the liine. pi-esmit in Die 
phosphate ae (laCO^Oah’U, CaSiO^. A weak phoephorie aci(i 
solution of average qualitj^ has the following coinj.>osition:— 


PA 

80 , O-J 

Cat) 0’4 

(FeAl],A O-S 


.and small quantities of HF, Si, MgO, etc. [for most applications, 
•es[x;ci5illy for the manufacture of double supeiphospliatoR, the 
phosphoric acid irmst be concentrated to a certain extent. It 
was at first attempted to concentrate it by evaporation by lead 
steam coils, but the pipes becanie rapidly incrusted with lead salts 
and lost their conductivity. This process was therefore abandoned, 
and attempts made to coucenlrato the acid by bottom heat. Breat 
flame ovens were constructed heated by combustion gases. The.se 
gases are led underneath the liquid cnutaitied in a pan sur- 
mouriLeJ by an arch. Tiie jiati is of strong wrought-iron, lined 
inside with stones which resist acid, and thus was protected from 
direct contact with the flame and the phosphoric acid. On the other 
hand, the exterior side of thn pan is naked. The dilute solution of 
phosphofio acid runs in eoiitiiiuonsly in tlie back part of the pan, 
until after two or three days an average concentration of 50“ B. is 
obtained. The coucentmtion is then finished and tlie phosphoric 
acid, making 5(3° to 5B° B,, is finally run out, by a central gutter, 
whilst the contents of the pan are continuously agitated so that no 
mud remains. It is collected in wooden vais, or in lead-lined iron 
ones. In this condition the phosphoric acid is turbid and blackish 
owing to the presence of soot deposited by the combustion gases. It 
contains about 54 per cent, PjjOj, 1'5 per (ient of FeAl.,(.)j, and 
'variable amounts of gypsum, phosphate of lime, calcium fluoride, 
hydro-fliiosilioic a,cjd, arsenic, etc. 

Up to 1890, the factory of H, & E. Albrecht treated about 60 tons 
of phosphate in twenty- four hours. Five large evaporation ovens, 
analogous to those described, were installed, -wliioh evaporated the 
enormous amount of 200 tons of water in twenty-four hours. The 
largest of these evaporation pans was Til'd metres (say 54 feet) 
'loug, and 5'5 metres (say 18 feet) wide, but it w’as divided into two 
compartments by a longitudinal diaphragm. It had a capacity of 
36 cubic metres, and yielded at one operation 55-8 tons of 54 per 
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fient phosphoric acid, vaporizing 270 t^ons of water with an expense- 
of 349 ttins of coal, 100 kg. (220 lb.) of coal vapoiizedl, 770 litrea 
(1694 lb.) of water (say 1 lb. of coal furnished neatly 8 Ih. of 
steam), and yielded 160 kg. (352 lb.) of concentrated phosphoric 
acid. The evaporation was at the rate of 1626 litres (aay 32^ cwt.) 
per hour. 

Theovens installedat the Wetzlar factory w'ere not sobig. When, 
the acid was brought to the desired density it sometimes happened, 
owing to want of supei-vision, that in the parts of the pan mofit 
exposeti to the heat the phosplioric acid was evaporated to dryness, 
and vitreous lumps of a greyish-blue colour, partially diaphanous, 
formed. The analysis of this vitreous moss was very dif&cult, be- 
cause it was impossible to dissolve it by ordinary methods. Prof.. 
Krantt, of Hanover, succeeded in dissolving it, by heating it with 
borax ; the analysis gave 70 per cent of PP;,, besides alumina, iron, 
lime, alkali, and. hydrofluoric acid ; silica, supposed to be pi'esent 
In large ainniint, looking to the vllremis nature of the mass, was 
only found in traces combined with fluorine. The substance thus 
consisted chiefly of metaphospbate. Tn the evaporation of the 
phosphoric acid, the steam entrains u great part of the dissolved 
H b' and 

Manufacture of Double Siiperphosplmle.- Ihti greater part of 
the phosphoric acid so produced was used in the manufacture of 
double superphosphahis. This manufacture is distinguished from 
ordinary superphos})hatB manufacture by the Fact that phosphoric 
acid is substituted for the sulphuric acid. The phosphate is then 
rendercci soluble according to the following equation ; - 

CadrO.,b + tlll'O, = 3CaH^(rQ,)3 
hlO 302 ■ — — ' 

7t)2 

it is clear that in actual practice the method of conversion is. 
not so simple, because phosphates containing all manner of im- 
purities are used, atui the nature of the phosphoric acid, as well as 
that of the snpciphosphate, jdays a preponderant role. The phos- 
phates which ai'e the most easily dissolved by phosphoric acid, are 
sandy pliosphates with a high iiercentage of carbonate of lime, such 
as Somme phosphate and iMalogne phosphate. This phosphate is 
mixexl in the proportion of 1 ton to 4 tons of 54 per cent pliosphoric 
acid. This mixing is done in the same manner, and with the plant, 
as that in which the phosphate is dissolved by sulphuric acid. 
To elevate the concentrated phosphoric acid and bring it to the ■ 
mixing apparatus, either a membrane pump, a centrifugal pump, or • 
an injector is used. The first of these pumps is sure in its working 
and can elevate the acid to any desired height ; the second, which 
lends itself more particularly to the elevation of dilute phosphoric 
acid, is liable to stop working when the acid is concentrated or' 
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muddy ; injectors are the most convenient, but it must be remem- 
bered that they dilute the acid I* to 2" B,* 

The principal difference which exists between double superphos- 
phate and ordinary superphosphate lies in the fact that the latter is a 
mixture of monocalcic phosphate and gypsum, whilst double super- 
phosphate only contains as impurities a few per cents of gypsum^ 
and forms esseutlally a monocalcic phosphate xoutaimiig free phos- 
phoric acid in excess. That is why double superphosphate is less, 
easily dried than ordinary superphosphate, and nlust therefore be 
very careftdly dried by artilicial means. 

The process of manufacture just described apjmrs very simple; 
jt none the less requires the eoiilirol of a good cliemist, the more so 
as the raw material used is always contaminated with impurities. 
T'he following example will show what field of action is here open 
to the chemist. Wetzlar’s factory, of which the daily production of 
double superphosphate was about 12 tons, made a product in i8Hd 
containing HA per cent soluble in water and Id per cent 
insoluble in waircr ; two years altcrwaids the P^Or, soluble in 
■water had risen to 43 to 45 per cent with 3 '6 insoluble in water. 
100 kg. of phosphoric acid in the merchandise consisted therefore— 

In 1883 of 72‘3 [34 x 100 -;- 47] of phosphoric acid aolub'e in watci'. 

In 1885 of 90'8 [45 x 100 :-48] per cent phosphoric acirl soluble 
in water. 

As at that time phosphoric acid soluble in water tvas valued at 
0‘6S francs the kg., whilst insoluble in acid was not generally paid 
for at all, the above improvement represents an increase in profit 
of £26 per day without taking into account the other iwlvantages 
attached to the improvement in the working. The capital point in 
the manufacture of phosphoric acid is to dissolve the. least possible 
amount of se.srpiioxidfts (FcAlj^^O^, because it is to their presence in 
superphosphate that its rctrogradation is due. It is dear also that 
the phosphates ought to be exhausted as completely as possible, to 
reduce the expenditure of sidplimdc acid to the minimum and to 
have the least impurities, lime, hydrelluorie acid, etc,, in the walk 
solutions. Up to 1884, it was believed that the longer the action 
was prolonged in the mixing tank, tho more complete was the ex- 
traction of the phosphoric acid. It was furt,lier believed that a 
temperature of filF to HO" C. or 140° C. (176' F.) was necessary, or 
was at least conducive to the progress of the operation. Thus the 
acid and the water were mixed in the mixing vat, and the heat of the 
reaction brought the temperature of the mixture to 70'" C. (158° F.) ; 

• 11, in (liffiBuU to see ’why the ordinary applifinrra for rtiihing sulphuric acid 
ill manure wurko naiiDot be used, viz. the ordinary “muiitejus,” aometiiiies 
nailed the egg or air vfissel. This air vessel, is filled with acid by a syphon from 
a tank aloni^Hide. When full, air is pumped into it by one pipe and the acid 
rises from it up another pipe into the ten ton store tank overhead. Any iiitcb 
with the pumps described by the author mean uf cour.se the stoppage of the 
roiling when the store tank is empty. The air vessel with ordinary attention 
^ves DO trouble.— T b. 
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■the phosphate was then run in and the agitator was wix)ught (or 
iwo to three hours. But that was bad working. Systematic manu- 
facturing tests have led to the following couLdusiona t 

1. The pereentage of sesquioxides in the weak solution increases 
with the length of the agitation and with the rise of temperature, 
and the other impurities behave in the same way, HE, H.^8iF,i, CaO. 

2. The percentage of phosphoric acid in the insoluble residue 
is least when the agitation only lasts about twenty minutes, from 
that time onwards it decreases with the duration of the agitation, 
but in proportion to the oxide of iron content. There would appear 
to be a retrogmdation of the free phosphoric acid, dissolved under 
the influercft of the oxide of iron, as in superphosphates. 

3. The expenditure of sulphuric acid increases with the duration 
■of the agitation and the elevation of the temperature. Under 
opposite conditions, the sulphuric a, cid content of the “weak solu- 
tions " naturally decreases. Those experinieiiLs were made in 
■course of manufacture from Lahn phosphorite; afterwards they 
were generalized, especially for verifying the facts pointed out in 
1 and 3, which are likewise applicable to Lidge phosphate. The 
results thus ascertained were applied immediately in industrial 
practice. To diminish the duration of the mixing process was 
easily done '. to lower blie temperature of the mixing during working, 
the sulphuric acid was diluted with the wash water and the hot 
dilute acid passed through a luhular condenser, cooled by circulation 
of water ; finally, tn decompose the phosphate by sulphuric acid, halt 
quantities were taken. Great advantage arises from this style of 
working, loss handling, abolition of night work by installing of new 
filter presses, economy of sulphuric acid, more complete extraction 
of the phosphoric acid from the phosphates, longer life of the filter 
cloths, and above all, obtaining a product richer in phosphoric 
acid soluble in water. This product then had the following com- 
position : — 


TAIHJ? XliVn.-.SilOWINC THE ANALYSIS OE DOUIJLB SUPEK- 
rirOSTITATE. 

Pr.r md. 


Monocaleic phosphate CaH, 

(TOJa .... iiO-O 
htree phosphoric acid H-l'Oj , ‘)-o 

Dioalcic phosphate Ca„H„ 

(PO,)3 . . : . 4-;> 

Tribasic phosphate C;(f0j)3 . 3'0 

Phosphate of iron and alumina * 
(PeAl|POj . . . 4 0 

Hydv.ated nilphateot lime 

CaS0,3H.,0 ... 5'G 

Magnesia, silica, fluorine . . 3'0 

■Sand, etc 4’0 

Moisture .... 9-0 


48-1 per cent of total PjO,;. 

4S-3 per cent of P 3 O,, soluble in water. 


100-0 
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But all ttie mamit’acturiiig problem s wfive. nob solved. An im])ort- 
aiit point is,Lbe exact deLcriniuatiyii yl’ the amount of siilpliuric 
acid rmpiived to decompose the phosphate. That nmontit cannot 
be Jixed, except by inforerice from the SO^ in the weaii solution of 
ii preceding operation, and U) detemiine that it is necessary to 
make a quantitative analysis. If a snfticient amount of acid bft' 
not used the solution contains lime in excess, and after evaporation 
it is often converted into a thick broth, which it is impossible to 
work in that condition. This drawback is remedied by introducing 
sulphuric acid, but it would be better not to use that expedient 
owing to the disengagement of hydrofluoric acid funie.s. Another 
drawback which arises from a deficiency of sulphuric acid, is that 
the extraction of the phosplioric acid is incomplete. But an excess 
of sulphuric acid causes even greater drawbacks. In fact, if tho 
phosplioric acid aolnkion, with excess of sulphuric acid, be evapor- 
ated, it becomes inactive towards thopliosplialc which it is irifended. 
to dissolve, which is likewise the. case with ton concentrated sul- 
phuric acid. The phosphate is not attacked by the acid, and the 
mamifa,ftturer is at his wits’ end to know what to do with this 
dilute mixture of phosphate and phosphoric acid. At tlie Wetzlar 
factory when this mishap occurred, the phosphoric acid was ah 
sorbed by powdered peat, in the ratio of three to one; the pioduct 
contained about 33 per cent of Pd.)/,, and wlicn it could not lie got 
rid of directly, it was afterwards mixed with double snj)erphos))hate. 
Once finished, the pei-oentage of phosphoric acid soluble in water 
was thus consid era illy increased, hut at the expense of its physical 
]]ro[iei'ties. 

Afterwards, a very simple way was found to restore its activity 
to the phosphoric acid which had bcconic inactive. All that has to 
bo done is to treat it with finely powdered quicklime. But phos- 
pihoric acid ,so treated does not behave like normal acid in the- 
course of the work, As already stated, the residual gypsum left 
in the filter presses forms a very cimihersomc waste product. It 
contains 40 to 5(1 per cent of water. It is run on to a heap. In 
summer it dries on the surface, it is tlien turned over with the 
plough, and passed through a Carr’s disinlegrator, and marketed 
as a powder. In wet years it is dried in a simple drying machine, 
when there is an outlet for it. This product is known in commerce 
as phosphatic gypsum ; it contains fid cent of gypsum and 3 to- 
■1 per cent of phosphoric acid, of \j;hioh 1 percent is soluble in 
citrate and 0'25 soluble in water. It has been tried to have this 
gypaum specially adopted as a preHOivative agent of the fertilizing 
principles of farmyard manure, and it has been proposed to spreatl 
it in stables, and on farmyad manure. This use is very rational, 
for precipitated gypsum combines very readily with the ammonium 
carbonate of farmyard dung. But it is clear that this material 
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oiinuoi Bt&od heavy freight charges, for its selling price is almost 
entirely absorbed by drying expenses and loading, Jt is easy to 
ftiai. to a factory which produces 100 tons oi phosphutic 
gypsum a day, the sale of this waste is of no great importance in 
itself, whilst the shifting of it and its storage form a big item in 
the gencml expenses account. Thus the Wet^ilar factory was 
forced to purchase a piece of land for 30,000 marks (£1500) for 
this pui'pose and to instal on it an aerial conveyor at a cost of 
16,000 marks (£800). Ft has already been seen that double super- 
phosphate must be dried artificially. The principle of this opera- 
tion cousiate in passing'nver the substance a great amount of air at 
a uniform temperature, the degree of which depends on the super- 
phosphate. The dryers instiled at first fulfilled none of these 
conditions ; the product obtained therefore was very unequal, one 
part was superheated and its phosphoric acid had pirtially retro- 
graded. To improve the drying laboratory, experiments were 
undertaken to find the limit of tornperatiiTe at which the phosphoric 
acid ceased to retrograde. These researches wei”e made on Lahn 
flouhlo superphosphate and gave quite unexpected results. Up to 
120“ C. (248“ F.) tlic colitcnfc of phosphoric aeid soluble in water 
undenvent no modification, it even appreciably increased between 
120“ C, (248“ F.) and 170’ C. (338“ F.), and it is only above 170“ 0. 
that the much-di'cadcd retrognidation occuirwi At firet sight one 
would be irifijined to explain this fact in the sense that the H^PO^ 
and Ca.dTi:(P 04 ).. urc at a low temperature in a state of equilibrium 
in superphosphate, and react the one or) tiie other at a high 
tempeiatiiift to form (laH 4 (rOJ^. It was then a question of realiz- 
ing this temperature of 170° C. in actual practice, Hut this problem 
is a difficuit one and doss not appear to have ever been perfectly 
uolverl. It will be seen in the sequel that double siipeTphosphale 
made from Li^ge phosphate behaves in (]uitc a different manner : 
not only is there no increase in the phosphoric acid soluble in water, 
hut vetrogradatioj) commences as soon as the cliying temperatuv(i 
exceeds 120" C. The true cause of that difference in the beliaviouv 
of the two superphosphates has not been ascei-tained, hut it may 
be concluded that each phosphate has a nature of its own, and 
requires to be treated in accordance therewith. It is the phos- 
phates poor In sesquioxldca which work best, such as Florida 
phosphate which is used in a Swedish factory. The cnishiug of 
the dried superphosphate, is ^oue in a Carr’s disintegrator, like 
au ordinary superphosphate, and presents no difficulty. Tlie plant, 
required for making 74 tons of 65 per cent phosijhoric acid is tlio 
following 

4 to 5 filter presses, 

1 large and 3 small mixing vats. 
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2 centrifugal pumijs, 

3 membrane pumps. 

CooUng and dilution p/aul. 

Sulphuric ^cid store tani, 10 cubic metros capacity. 

^ per cent sulphuric acid store tank, 20 cubic metres capacity. 

2 sulplmric acid measuriug tanks. 

2 wash waUji' tanks, 10 cubic metres capacit)'. 

Dilute phosphoric acid tank, 40 cubic metres capacity. 

Ooncentrateil phosphoric acid tank, 10 cubic metres capacity. 

Membrane pump for coiicentialexl phosphor io acid. 

Oven for drying the phosphoric acid. 

Lead piping. 

1 steam engine 25 H. LI with shafting, 

As mentioned at the outset, the phosphoric acid industry has 
lost, much of its importance, Of twelve large factories at work 
twenty years ago, there are only four or five still at work, which 
also make various kinds of phosphates, of rvhicli a few woi ds will 
now be said. 

Ma?iv/actitra of Stqierpki'ijjhafe of Potassiim and Awimnitm. 
— The oldest and the mo,st important of the phosphoric acid deriva- 
tives is the neutral phosphate of sodium, Na^Hl^Oj, which occurs in 
the form of hi'autifui motioolinic crystals ooiiBisting of 20 per cent 
Na^O, 20 per cent Pp,, and 00 [)ei' cent of watei’, and can therefore 
l)c projwrcd easily in the pure state. The phosphate of sodium is 
not employed as manure, but rather the pliosphate of jrolHsh and of 
ammonia about to bo described. Tho nianufiicture of phosphates of 
potassiiiiii and amiuotimui presents no difficulties, especially that of 
potassium, owing to its weak crystallizing power. From that point 
of view, tlie mono-aramoninm phosphate Ainli^l’0_j, which is the 
most stable of all the phosphates ol aimiionia, behaves much bettor. 

I t crystallines without water of crystallization in Ijeautii'ui tetragonal 
prisma with a pointed apox. The acid phosphates are generally 
very difficult to filter when they are neutralized with soda. Now, as 
the pura Tiourammnniaeal phosphate is much less used as a manure 
than the impure phosphate of ammonia, the mainifn,ot,um of the 
latter fumishesi a pure ammonia, cal salt as a secondary product. 
The most simple process to manufaeture phnaphatc of ammonia as 
well as sulphate of ammonia, is to use gas ikjnov, working with the 
well-known apparatus of Feldmaii n. The salt is not separated from 
the muddy precipitate obtained, which is likewise used as manure, 
but there forms at the surface fine crystalline effioroscences of 
AmH 2 PO^, which it is easy to collect apart and to purify by fresh 
crystallization. In order to pro[)arc in the same manner a crude 
phoapho-potassio manure, potash must be employed as the raw 
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material, but that is too dear. Nevertheless, in the Eiebrioh- 
factory pi-oduced small qiian titles of phosphate of potash by satura- 
tion of potash by phosphoric acid, although the product was of 
bad quality (much insoluble and H^O). 

Manufacture of Sulpho-phosphates.- ■ During this time chemists 
tried new methods of manufacture. At that time Dr. Paul Wagner, 
1892, published hie pamphlet on the use o! chemical mainircs in 
horticulture, and gave the idea oi' rnanufaoturkg pure and con- 
centrated ohemical manures, This idea was taken up by H. Albrecht, 
director of the Bicbrlch factory, which henceforth mantifactured 
phosphates of potash and ammonia and nitrate b)' mixing the 
ingredients in different proportions. As a matter of fact, a sort of 
phosphate of potash was known as eaj-ly as 1886, but its percentage 
of sulphuric acid rendered it unfit for the purposes to which such 
mixtures are applied. This pixiduct is the sulpho-phosphate of potash 
which was at first made by Meyer, as wcH as an analogous product, 
the snlpho-phosphate of .ammonia. 

The sulpho-phosphates are interesting from several points of 
view, and possess such valuable properties that there is reason 
to ask why agriculture and Hie chemical manure trade do not make 
more frequetic use of them. So long as the Wetzlar fa,c[,ory w-is at, 
work, It profliined great quantities intenried chiefly for export to the 
Dutch East Indies, but from LhdL time they have not been heard of. 
It equal parts of 55 per cent phosphoric acid .and of sulphate of 
ammonia or sulphate of potash be mixed together and heated to- 
HO''' 0., the components unite, and form a dry pidveriilent salt. An- 
addition product nf the two substances is formed : — 

.Am., SO., + HJ-'Oj - AmHHOj + ArnFim 
K^SO^ + - KTTSO, + EHJO; 

T'he product contains respectively, 25 per ce.nt P^O^and 10 5 N, and 
34 per cent PjO, and 37 per cent K^O. Tiie phosphoric acid is present 
in a condition almost entirely soluble in water. The percentage of sul- 
phuric acid is about 30 per cent. (Peculiar tiling, an analogous com- 
pound cannot be obtained from soda in this way.) The mamifacture. 
is exceedingly siniple. There is dissolved in the “weak solution," 
obtained in the nianufacturo of pliosphoric acid ; an equivalent qufl,n- 
tity of alkaline sulphate, viz. 100 ATi(i, 2 RO,j for 55 P^jOj and 100 lijSO, 
for 48 P,P 5 . and the solution is evaporated until the boilinir-point 
rises to liO" C. (230'’ F.) for the potash salt and 140 ’ C. (284’ F.) for 
the ammonia salt. Finally, the hot mass is run into a cooling beck 
and agitated until it solidifies, This process is much more simple 
and cheaper than that of making double superphosphate. It is welt 
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to lake into account tlie advanta^s which tlie suipho-phoaphato 
possesses in virtue of its acid nature. li mav be used in larger 
quantities hi calcareous and heavy soils, either alone or mixed with 
iiasic slag or powdered lime. We know that in virtue of its high 
lime content, ha, sic ala,g can be inix'ed neither with aminonincal 
salts nor with superphosphates, ior in the fii'st instance there wwild 
he a loss of nitrogen, and in the second of phosphoric acid soluble 
in water. Now, not only does the mixture of basic slag with tlie 
sulpho- phosphate of ammonia exclude losses of this nature, but it 
also has the effect of increasing the percentage of phosphoric acid 
scrlnhlft.in water. According to experiments made on this subject, 
this increase reacli ed 1 3 per c.ent of the total phosphoric acid in the 
mixture. Another advantage iirising from the acid character of the 
sulpho-phosphatfts r6.sides in the possibility of using partioularly 
impure phosphates, such as those containing oxide of iron and 
alumina. It is precisely this fact which will bring the sulplio- 
phosphates info good repute some day, when the abundance of pure 
phosphates has given pkoe to penui'v. 

But there is a class of inimind pi losphates of low content in limo, 
and the base of which is alumina with more or loss oxide of iron. 
Eedonda phosplmte consists of i raportant beds of this nature. These 
phosphates can be treated ueither by the m-dinary disfiolving process 
nor by the process of extraction of the phosplioric acid, because the 
latter is present in a form difficult of attack. Now the manufacture 
of sulpho phosphates gives us the means of prolitiug excelletitly by 
these phosphates, otherwise iinutilixable, which explnitia their cheap- 
ness. The method about to l>e desciibcd, and which is absolutely 
unpublished, is based on the following equation 

aAlPO, + AmllSOj -h H.HO^ - 

Al,(SO^)^' + 2AriiHSO,,AmH,PO^ 

The ground phosphate is fused at a temperature of 120° to 140" C. with 
super acid a,mraoaium bisuIpfiaCe. The duration of this operation 
depends on the degree of resista,nfifi of the substance. Afo.st often 
it requires two to three hours, It i.s clear that the water evaporated 
In that time must be replaced. The phospha.te is dissolved mudi 
more rapidly and more completely when done under pressure and 
at an elevated temperature. The plant reqffired by that stylo of 
working is certainly more costly, but the work would be done better 
Uiad factory expenses run less. 

The product so obtained is a siilpho-phosphate of ammoma and 
sulphate of a,lumina. The presence of the latter renders it very 
hygrometric and little filled for its untended use. Hut there is a 
very simple method of renLedying this drawback. If an equivalent 
fjiiality of giJpba/te l>e a,ddGd thereto it combines with the BulpbR^te 
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of alumina, t,o form an aluininate of aminoma. A product is thus 
obtained which reniams as dry as oitl inary phosphate. The 
chemical transfoi'inationthen becomes:-- 

A!PO, + 3,\iiinSC\ = AlAm{SOiy^ + AiiiHS04.AmH,P04 


If the Redouda phoiphato coutains, for example, 40 per cent 
P.Pr,, one calculates thus : — 

LOO phosphate . 

112 gnlphate oC ammcuifi 
130 Biilphurifl acid of 50"' B 

342 

We thus get a manure containing in roumi tigoves : — 

.(•‘cr cent. 


Nitrogen ft-l) ‘ 

V-jOj total i:i-0 

PjO„ soluble in water 11 -0 


Tu many cases it would he advisable to replace a portion of the 
nitmgen by potash, This substitatiou is easily effected. It suffices 
to replace t ic sulphate of ammouia to form alum hy sulphate of 
potash 

AIP4O + 2AmHS04 + KHSO4 = AlK(fi04)' 

+ AmHSO^.AmHa’Oj 

The addition of polasii in quantity greater than to couibuie with the 
alum complicates the work, ft is clear, moreover, that one can 
likewise eomhitic with ttiis process the production of ulumiiiate 
of ammonia; the expense adherent to washing, evaporation, and 
crystallization appears, to be largely covered by the sale of the sul- 
phate of alumina as a current article of commerce, whilst the 
richness of the manure would he increased at will. 

By working as described, it is easy to utilize Redouda phosphate 
up to 90 per cent. A.s already mentioned, the sulpho-phosphate of 
potassium does not combine the conditions required in a concen- 
trated potassic manure. Its sulphuric acid, amounting to almost 
30 per cent, must be removed. Lime provides the easiest means. 
It has been proposed to combine monocalcie phosphate with 
sulphate of potash, hut the process ia not applicable hecanse the 
gypsum is precipitated in the fonu ol very attenuated crystals, 
which render filtration impossible after evaporation, But if lime 
iu an insoluble form be used, i.e. as carbonate, and H it be made to 


401'oO, 

24N 

aiRrSOj 


J It 342 of fiaishtiil iiiH.mn’e fjivra 101) only gives 7, not 8 . — Tb. 
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react on the dissolved 3ulj)ho-phosphat6 of potash, the gypsum is 
precipitated in the same state, and its elimination from the Ikjuid 
by filtratiidn presejits no difficulty. The free sulphuric acid of 
the sulpho-phosphate combines with the lime to form gypsum; by 
addition of phosphoric acid, the KjSO^ is again transformed into 
KHSO( S- Kn,jPO^, and the acid nf this new bisuiphate is in its 
turn removed by CaCO^. The sum ol these reactions is lepiiesentcd 
by the following equation 

£,SOi + ^IfaRO, + OaOO., « 2KIUPO., + CaSO, + CO,, + H,.0 

However, these roaclious are not cttcctcJ iti such a simple manner, 
Thus the direct action of calcium caihonate on jdiosphcjric acid is to 
form iiisoliihlc phosphate of lime. If it was tlcsinxl to ti'cat a mere 
solution of potassiuin siilphutc in dilutephosplioiicacid tliere would 
be a considerable loss of phosphoric acid. Moreover, the washing of 
the precipitated gypsum coiitaining P.,().. and the eva}»oralion of the 
Wi\sh water would entail great expense, capable [lerliaps oI absolv- 
ing all the profit of the manufiutture. An elegant and simple solu- 
tion to the protdem has Ireen t'oimi] hy the use of givy phos]iha,ti(! 
challrs. These phoaphalea, for which fonncrly no use could he 
found in spite of all the researches and tuiitatives iimde, contain 
about 30 }Jer cent of Ga^fPO.,).,, and a prepndemnt quiintity of 
GaCO^ ; they are sold cheap, It is clear that, if iti the juoaiss now 
described, calcium oachonato be added as phosphatic chalk, there 
will be obtained as a filtration residue a mixture of phosphate and 
gypsum, the phosphoric acid coritcint of which is low hut which can 
k perhaps utilized for the extraction of phosphoric acid. And if the 
phosphoric acid extracted from it is aitei’warrlR used in the manu- 
facture of Buipho-phosphate of potash, it will suffice to treat the above 
phospliaiic gypsum in tire filter press to eliminate tlic adhei'ent 
solution of potassiic phosphate, hut it would he useless to wash it, 
because the remainder of the jxitassic phosphate which it contains 
returns to tlic process by the extraction of the phosphoric acid, In 
this way the small amounts of phosphoric acid precipitated by 
the chalk would also he utilized. This detail also hrings out better 
the advantages resulting from the use nf phosphatic chalk in this 
case; in fact the amount of phosphoric acid precipitated is exceed- 
ingly small, because the conversion is effected in a less violent and 
more regular manner. Anotlicr very disagreeable drawback due to 
the carbon, ate of lime, is eliminated by phr«phatic chalk; it is the 
entrainment of soluble potash by the gypsum sludge, owing, no 
doubt, to the foraiatiou of a double phosjihate of caloiuni and 
potassium. The process just enunciated was the subject of a 
patent delivered to H, & E, Allirecht ; it is applied on klie large scale 
at the Biebrich factory, in the manner about to be described. 
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There is riui into a lead-lined vessel, fitted with an agitator, a 
meaRiired quantity of a Kl per cent solution of phosphoric acid, in 
which ii corresponding quantity of sulphate n( potash is dissolved. 
Afterwards, whilst constantly stirring tlie mixtrirc, but without heat- 
ing, the calculated quantity of pulverized phusphatic chalk is slowly 
incorporated. When, after about an hour, the conversion is accom- 
plish^, the phogphatic solution is separated from the residue by filter 
presses, and the liquor evaporated to a pasty consistency by steam 
iicaling. The dry salt is afterwards obtained, fit to be centrifuged 
by drying it in a special chamber heated by steam at a temperature 
of 70“ to 80“ C. From the filter presses, the residue falls directly 
into a second mixing tank with agitator, likewise lined with lead, and 
containing the quantity of sulphuric acid necessary to decompose 
the phosphate. When this decomposition is complete, the residue 
is separated from the liquid hy rneaTiB of the filter prasa, completing 
the extraction this time hy washing, for the wash water afterwards 
serves to dilute the sulphuric acid. The filtrate, which consists of a 
mixture of phosphoric acid and potassic phosphate, flows from the 
filter press directly into the first receiver-mixer. The product thus^ 
obtained contains 38 to 40 per cent of PjOj almost entirely soluble 
in water, 31 to 33 per cent K^O, in addition to a few per cents of 
sulphuric acid, lime, eta 

The Salz Werkc Co., NeustasafurL, have likewise sucoeedeil in 
producing a pure anri concentiratiBd phosphate of potash from 
potassium ohiorida The experiments made by this company led 
to quite an unexpected reRiilt. It is known that the metaphosphate 
obtained by the decomposition of potassic chloride, by phosphoric, 
acid, at the temperature of fusion, is by itself completely insoluble- 
in watei’, and everi in acids. Now it has been found tliat hy cooling 
it Suddenly, it is converted into a modification very soluble in water. 
The decomposition is offeoted in a mufflo furnace for sulphate, the 
evolved hydrochloric acid is condensed, and the liquid metapiiosphate- 
flows boiling from the oven direct on to cold plates, in a thin layer. 
After crushing, the product forms a dry salt easily presemd and 
containing SO per cent and 4r5 per cent K^O- Although 
phosphate of potash, and similar concentrated manures, have not 
assumed, iu agriculture, the importance that was at first anticipated',, 
especially for cereal cultivation, they have Tinne the lees a great im- 
portance in certain special cultures, and above all in the Colonies, 
owing to freight charges, which arc heavy. Their rational use in 
horticulture likewise presents very great advantages which will 
end by being appreciated, Here is an example; In the garden 
attached to the mansion house of Biehricb, in 1892, phosphate and 
nitrate of potash was applied to the raepheiTy plantations so as to 
obtain a heavier and an earlier yield. The success was such that 
the gardener of the manaion house had already sold £15 worth 
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of fmlt ooHected in the squarRS so treated before the i-aspberries in 
the plantb quHlvated without luauui'e were ripe (end of April). Now 
the ELiBOUriti used hardly came to the ’v’alua of Is. 

JJisulphak Superphosphate, — It now remains to say a word 
about another product ahsohitely un published, le. the bisulphate 
superphosphate, Bi sulphate, as is "well known, is a bye-product 
of the manufacture of nitric acid, and finds hardly any use, except 
in glass works and in the manufacture of Glauber's salt. But it is 
difficult to sell, and it is got quit of at any price, for the local 
authorities forbid it being run into streams. Dr. Grueber tried to 
utilise it in the niauufnotura of supetpliospluika. By mixing 500 
kg. of bisulphate with 150 kg, of Algerian phosphate he obtained 
a snpciphospliate, but the product was very deliquescent because 
it want^ the water of constitution necessary to the formation of 
sulphate of lime. Dr. Gruehor renicdicd tliat by adding to the 
phosphate 60 kg. of water. He thus obtained a dry superphosphate, 
with 7 to 8 per cent of soluble phosphoric acid ; the addition of a 
small amount of Algerian phosphate enabled it to he passed through 
the oentifrugal crusher and to obtain it in a pulverulent form. As 
all manure factories require low superphosphates to adjust the 
analysis, this product would thus readily find a use-^ 

Phosphoitic Peat.— Tt now remains to descnlxj a manure in 
which the phosphoric acid is present, tnot in chetriical combination 
but in simple admixture— we mean phosphatio peat. Tn 1892 
the Society of German Agriculturists greatly recommended the 
manufacture of this product as a raiorobicide, as a preventative of 
epidemics, and fit to render both human and animal excreta in- 
offisnsive. The first step.s made in this direction with liydrochloi jc 
and sulphuric acid have not given conclusive results ; hydrochloric 
acid is too volatile, sulphuric acid carbonizes the fibre of the peat, 
80 that it is difficult to uf® more than 2 per cent in the mixture. 
Phosphoric acid has not that drawback, and there^ is nothing there- 
fore to prevent photsphatic peat being prepared with 10 to 15 pei' 
cent of PjOj. Experiments on a manufacturing scale, and applica- 
tion of this prodiiet, were made in 1893 by Dr. Meyer, who, more- 
over, exhibited samples at the show of the German Society of 
Agr-iculturists, who made him (ui award. There is no doubt that 

^ After ‘the acid over and above tbat required to form the normal Kidiibate 
of soda ms killed by the pho^yLate, the water very evidently acted by com- 
biniiig with fchc excefjs RiilphfitB of sodii to form aa ^orescent 

fiH.Lt. Tbe aent Jfliifit have formed enlphak ul lime ah initio or the 

phosphate c^aLd not h>i,vH disgolved. Of wnrue l.he Tvater would tmh\c 
the dissolved phosphate of lime to rwt aa the encotsK ol solphatB of 7 
produce phoaphale of sodn nud sulphate of lime, lint why not scad we bi- 
sulphate up the ciins aad mix it in the mixer with the ncid mia phosphate in 
the oRuat wayr This seems fo have been h sort of comport b™ri,pd the fewer 
of these about a. fantory tbe better,— 'J'l . 
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phosphatic peat possesses the properties which recommends it, 
more part,icnlarly for spreading on farmyard dung in stables. The 
excrements of animals commence to decompose as soon as they 
arc eliminated by the animals, and this decomposition is accom- 
panied by a great loss in uitrogen, The addition of the phosphoric 
acid not only retains all the nitrogen in the manure, but also 
enriches it. ft also destroys the genng orf infectious disease, typhus, 
cholera, etc., as the experiments of Praenkcl, Klipstein, and Burow 
have shown. Klipstein formally declares that phosphatic peat 
behaves better in this way than sulphated peat, which he had 
prepared with 10 per cent of sulphuric acid. The manuracture of 
phospliated peat is very simple. The peat is made to absorb the 
quantity -of hot phosphoric acid diluted to the desired strength. 
Prepared peat or crude peat uiay he used. In the latter case, Uie 
peat should he passed tlirough a slicing machine and then throtigh 
a press. This manufacture should be profitable. To obtain the 
phosphoric acid the most impure phosphates, otherwise of no value, 
can be used ; moreover, the phosphoric acid absorbed by tlie peat 
retains its soluhiUty in water. On the other hand, it should not 
he very diflicuit to create a market, for peat has been employed for 
a long time as litter, as well a,s other additional matter, gypsum 
from superphosphates, which is spread iu the stables. But tliere 
is no substance of this nature which possesses the antiseptic 
properties of phosphatic peat. It retains the nitrogen, destroys 
infectious germs, absorbs urine, punfiBS the air of stables, amplihes 
and eni'iches fn.rrnyaid manure. The use nt phosphatic peat for the 
disinfection of fiEcal matter constitutes a problem more difficult to 
solve. The main obstacle is the sy.siem of everything to the. drain, 
that all large towns have adopted, to free themselves of their excreta 
in a radical but far from economical manner. In small locAlitics 
(them are some in Germany where, the use of pl.>osphatic peat is 
obligatory) its purchase, its use, and the sale of the human manure 
under the control of the aathontics, to prevent fraud, jiresouL real 
difficulties. But in large proiierties which have the use of the 
manure iu their own hands, the use. of phosphatic peat would be very 
mtional in so far as one could then ftconomize the cost of di ving. 
But if it be desired to dry the manure, plant similar to that used to 
diy poudretlc may be used. The manure, consisting of tocal matter 
and phosphatic peat, after desiccation forms a inanuro analogous to 
guano. It does not give oil any bad smell, and contains 4 per cent of 
N, 4'5 per cent P/). (t soluble), 1 per cent potash and abotit 46 per 
cent of peiit. 
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THF MWIJl'ACTUKE OF PHOSrHOROH IN’ THE ELECUllC 
FUllNACH. 

In a recent publication ot tho Unileil States Geological Survey, 
entitled “ The Production of Phofipha,tft fiock and Phosjjhorus in 
1906,” G-. W. iStose makes an inteicstliig siimmajyof the progress 
made in phosphorus manufacture, and }mints out the role wliicli the 
electric furnace h.as played in this tlevclopment. Formerly phos- 
phorus was only extracted from bones and other oigiinic matter. 
It is only quite recently th:i,t it has been extracted from mineral 
products. First of all, phosphorus was extracfetl from phosphatic 
rocks, such as the impure fluophosphates of calciiiiri, with which 
fhe superphosphates used in agriouiture are genei-a.Ily made. 
Apatite, which is a fiuophosphate or a ohlorophosphafo of calcium, 
was only iisetl to a slight extent in Europe or in Canada. Quite 
recently wavellite phosphate of alumina has been used as a source 
of phosphorus. It i(? furnished in sufficient quantity for the jjuipose 
hy deposits aitnaied at Alouut Holly Springs (Pennsvivania). The 
old process of phosphorus manufacture which was in use in the 
beginning of the nineteenth centuiy is as follows. The bones are 
burnt, then ground ; the hone ash supei phosphate of lime is treated 
by a sufficient quantity of sulphuric acid to convert the whole or a 
part of the calcium into calcium sutpliato and the )ihoK|ihoniK into 
metaphoaphate of calcium and even into phosphoric acid, which is 
concentration liy evaporation mixed with wood charcoal and rediietitl 
by heating in a furnace in a fireclay retort. The. vapoim of phos- 
phorus and carbonic oxide is given off. The phosphorus which is 
condensed under water lias a waxy appeaitincc and yellowish 
colour. Theoreticalh^ the reaction should lie 

!iCa.5(PO,)o I 6H.,SO, -i-ISG- 
6CiiSO^-t-'l2GO + P, + 4H,0 

Practically, however, it is found that the following reaction lielter 
represents what occurs : — 

;iCa3(P0,v-' I + inc - 
6CaS0,i -t Ca.,(P0p, + ‘lOCO + P, + 611,0 
In this process the loss due to desti uction of the retorts hy suljihuric 
acid and by the great heat is cnnsirLerable. Only a portiorr of llie 
phosphorus therefore present in the ctiargc is recovered. There is 
also the danger of seeing the phns])hoius inflame when withdrawn, 
and it is necessary to take the greatest care to prevent the phos- 
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phoniR condfiriRing in the tubes and ohstruftting them. Numerous 
iiii|jroveui6iit8 or alterations on Lliis prouess have been patented in 
recent years. Woehler was one of the first to heat pKosphate of 
lime as it occurs in bone ash or phosphatic rocks with ailicious sand 
and charcoal without resorting to the sulphuric acid treatment. 
Wing’s patent, 1801, is based on the same principle. 

Winy's ]?nvm , — In Wing's process, bone ash or pulverized 
rock phosphate and silica are moistened and made into balls which 
are placed by layers alternating with layers of coal in a cubUol. 
The coal yields the incandescent carbon required for the reduction 
of the phosphoric acid, The silica expels the phosphoric acid from 
the phosphate as anhydride P^., which is reduced to the condition 
of phosphorus by the incandescent earbon and the reducing aliiios- 
phere. The vapours pass to condensation chambers kept at a 
temperatum of 500'’ F. (260° C,), in which the greater part of the 
phosphorus is deposited as red phosphorus and the remainder in 
a water cham her as white phosphoms. The process is continuous, 
the charge is introduced at the top through the furuace mouth, the 
residues are evacuated by the grate at the bottom, and two con- 
densation chambers arc used alternately. 

In using the ordinary furnaces this method, was found imprac- 
ticable owing to the high temperature neoessary to treat a charge 
as refractory as that just indicated. It is well known that 
electricity can furnish the high temperature necessary, and it was 
well imagined that it ought to solve the problem, but manufacture hy 
this process has only become possible commereialiy quite recently, 
and since the InvciitiotL of the electric furnace. Consequently the 
process has been introduced hath in Fjiirope and America, where 
it enables phosphorus to be made at a profit, 

E&admaiis Fafeut,— This process, which dates from 1889, ia 
applied in most countries. The bone ash or the crude phosphoi-ic 
acid is mixed with ground coal or wood-charcoal. If mineral 
phosphate be used it is raasted, pulverized, and mixed wuth wood- 
charcoal, silica or a basic salt. The mixtnre is reduced in an 
electric furnace working ooutinuously in a reducing alinosphere. 
The currents brought by retort carbon electrode traverse the charge 
placed between them, acts as a resistance and is heated to iucan- 
dc3ccnce. The silica combines with the calcium to form a slag of 
silicate of lime. The phosphorus and carbobic oxide are given 
olf as before, The disengagement commences at ilfiO" C. and 
requires a temperature of 1400° C,, and even 1500° C. may be reached 
to complete the reactions. The reaction is the following 

20a3(rOJ-' + 6SiOj = OOaSiO^ + lOCO -i- P, 

Harding’n Proms . — In Harding’s process, 1H08, the pulverized 
rock phosphate is heated wllli sulphuric acid ; the phosphoric acid 
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thus separated from the lime is flltei’ed and evapoi-ated to a syrupy 
■consistency. It is mixed with granular retort charcoal, heated in a 
reverberatdry furuace, and treated in an electric fmtiaee, the are 
issuing impetuously between the electrodes and travei-sing the 
miiss. An atmosphere of hydrogen is produced by injecting 
petroleiun spirit pulverised in the furuace, 

Gibb's Furmce. —In this furnace, which was specially designed 
for the manufacture of phosphoriis, the electric current instead of 
traversing the whole of the mass, passes without interruption into 
■an intermediate circniit of great veeistanee, such as a cylinder of 
retort charcoal placed above tlie charge, Tliis cylinder becomes 
incandescent and the arch of the furnace reflects the heat as in a 
reverberatory furnace. 

Irvine’s lieadnian's process was modified in Irvine’s 

1901 patent, The charge is made. up as in the original method; 
Ihowever, phosphates of alumina or calcium may l)e need indifferently 
with the silica or basic flux. The two electrodes of retort charcoal 
are suspended vertically, a.nd their Io^tot parts reunited at the 
beginning of the operation by coal Lhiough which the current first 
passes. When the cliargc has melted, the slag formed collects on 
the top and reunite^s the two electrodes ; that is, henceforth it is 
through this slag that the current passes. The fusion- is continued, 
the excess of slag is run off as it is produced, so that the extremities 
•of the electrodes are never uncovered. 

Dmem’s Patent. — In Duncan’s process, patented in 1903, 
seventy-seven parts of ground phosphate are taken, whether of organic 
<or mineral origin, twenty-three parts of ground coal, and mixed with 
tar acting as an agglutinant. Tlie paste is dried, and after he,atiiig, 
which is done for flconomy in a hydrogen flame, a hye-product of the 
mivuufactuT’e, the product is placed in an electrical furnace; this 
-continuously produces phosphide of calcium. This phosphide in 
•contact with water. in an atmosphere of hydrogen, gives offphos- 
phui'fttted hydrogans, which, when heated, are converted into lecl 
and while phosphorus according to tfic temperiiturs at which con- 
-donsation is effected. 

Parker's PatenL — This process, wincli was patented in Great 
Britain by Parker in 1903, concerns the trealment of phosphate of 
alurainium, This phosphate is treated by sulphuric acid, then by a 
sulphate capable of forming an alum with tlio sulphate of aluminium, 
which is produced. All the alumina is separated Ity crystallization 
■of the alum, and before the electric treatment. The residual liquid 
ie mixed with coal or other bodies rich in carbon, and reduced in an 
■eleotiic furnace, 

Landis' American Phosphors Company of 

Philadelphia possesses a factory at Yorkhaveu where phosphorns 
is extracted firom wavellite, using a method designed by G. C, 
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Landis, the company’s chemist. The pi-ocess, which is kept seci’et, 
is, as far as can be ascertained, analosouB to that of Eeadman ast 
regards the mineral and the furnace. The wavellite, the'phosphate 
of aluminium, and the phosphate of caleium, arc roasted, mixed with 
silica and wonil charcoal, 8,nd reduced in an electric iurnace which 
is one of the aubjecta of the inventiou, Jn January, 1907, a patent 
was taken out to protect certain improvements on the furnace, with 
the view of preventing the escape of gas oi' vapours or their absorp- 
tion by the lining of the furnace. This is realized by the use of a. 
second exterior lining made of nou-absorbetit bricks, and hy the use. 
of hydraulic joints for closing all the apertures of the furuace. The 
furnace is litltd with an interior lining of bricks of retort charcoal 
acting as electrode ; there are also several vertical electrodes ol the- 
same material, which can he regulutcd either to establish a current 
through the charge or to form an electric arc. The slag is run ott 
every three or four hours ; the phosphorus vapours are condensed 
under water. It is very probable that it would he necessary to re- 
sort to a supplementary treatment to el im irate the alumina con- 
tained in the charge, and that the treatuient is analogous to that 
used in the Parker process ; that is the point which is kept secret. 
The phosphorus made by the greater number of the indiu^rial pro- 
cesses is a crade white phosphorus having the appearance of yellow 
wax, and containing sand, charcoal, clay, and other impurities. 
Tliese imp uri lies are removed in different ways, either by filtering- 
the fused phosphoniB under water on wood cliarcoal or through a. 
cloth, or by pressing by mea,iis of steam the fused mass through 
porous porcelain, or by rsdislilling it in iron retorts. The best 
nicLliod of purification, however, is again to treat the crude fused 
phosphorus, either by a mixture of bichromate of pota-^h and 
aulphuric acid, or by hypobiomite of sodium. Some of the im- 
purities dissolve, the others collect on a scum which floats to the 
surface of the fused phoKjdionis.^ Owing to its higlily poisouous'. 
nature, and the danger in inanipulabing wliiip, phosphoms, attempts, 
ba-ye been made to produce it in a.nofjiei' form. Red phosphorus,, 

' There is iiu oecaaioM whiiicvoi- to dissolve these materials in the acid pre- 
vious 10 mixing. It the sr,i<i. be healed to nboul IbO" F. and the shoddy, leather- 
cuttinuB, greaves, scutch, etc., sent np the mi|>K like the hone meal itself, the 
acid completely difisoh-es the -«'ln)le in one operation, lint that is in the case- 
[).r mixings where there is no pretence of making cfofoJvotl Uirm!), luid *u odd' 
piece of core -would tell no tale as it would in what purported to be a buue 
manure. The translator has wuit as much as 4 cwtSi'iif' leather to the ton of. 
finished mixing up the eiipa, and nut a pii.rtide ol it was to he seen in the aggre- 
gate 50 to 60 ton mixings when the doors of the “ den ’’-were opened three or- 
loiu' hours later. 

.4.8 airottdy mentioned, Binii materkis as leather and shoddy are invariiibly 
used in Great Britain witli mineral phosphates. They would .ahsolntely Bpoili 
the colour of pure dissolved bones end at once point to sophistication. — Tu. 
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which is not poisonous, is ettsily piepaa'ed by heating to C. 
the white variety in a closed vessel. It, however, has not the same 
properties 'as the crystalline white phosphorus. A crystalline 
variety of red phosphorus, recently discovered in Germany, is ob- 
tained by heating to boiling a 10 per cent solution of white plios- 
phonis in phosphorous trlbrcmide, This variety is not pnisonoiis, 
and advantageously replaces vv Kite phosphorus in the manufacture 
of matches. The phosphorus indnstiv is so new in France that 
it is very difficult to get statistical figures, momover information 
is awanting on the state of the industry in other countries. The 
world’s yearly pi'oductlon has been valued between ItlOO and IKIOO 
tons ; up to quite a recent period this manufacture was localised 
abroad. The greater part of the world’s phosphorus comes from 
the factory of Allbright and Wilson nf Wedrieslield, Oldbuiy, Eng- 
land ; it was there that the Readman process was discovered. Its. 
annual product may be uOO tons. There are other big factories at 
Lyons, France, at Griesheim and al luuiikfoi-t, Gemiaiiy, There 
is likewise a factory in Sweden, and others, small and niimerous, in 
Russia, of which six, situ a, ted np:i,r Perm, produced about 140 tons 
in 1890. In the United States, tlie lirst pliosplinrus factory was 
conatriictp,(l forty years ago a;t Philailelphia by Moro PhillipK ; this 
estahlisliment is still at work. Tlic factory of .1, 4. Allen d Son 
was founded at Philadelphia in 1891, .and in competition with im- 
ported phosphorus has furnished for a long time the phosirhoinis 
required by the Diamond Match Co., the largest match factory in 
the United States; but in 1897, the ffinn of Allbright anil Wilson, 
under the trade name Oldhuiy Electro-Chemical Co,, creeled a factory 
of 300 H.P. vvot'king the Ecadmiiu process at Niagara ['alls, and it 
is tliis factory tvhich up to now has supplied the Diamond Match 
Go., and furnished the greater part of t.h<i phosphorus produced in 
the United States. Recently tliat company has brought a new im- 
provement to bear on the manufa'-tnrB liy installing Irvine’s fiiriuice, 
Iry means of which SO to 90 per cent of the phosphorus contained 
in the raw material used can Ire extvRctwl, which is a high strength 
rock phosphate. This result is comparable to that which the English 
faetoric.s obtain, c.ttracting 8C per cent of phosphorus. There arc 
six furnaces of 50 H.P., each with a production of 170 lb. oi phos- 
phonis per day, say an average of a total of 1 000 llj. of phosphorus 
manufactured daily. The prcduotioii varies accoiding to the de- 
mand ; however, the factory produces at the piesent time half of 
that whielj is produced in the United States. 

The General Chemical Co. has recently acquired Duncan s 
patent, and another company is installed at Long Island, where 
they utili^ie for thoiv furnaces the current which is distributed in 
the town. 

The American I'hosphorus Co. made its first installation at 
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Moorc's Mill, uear to Mount Holly Springs, Pennsylvania, where 
there is a mine of wavellite, which it possesses. The old method of 
healitig by gas is used. The factory having been destfnyerl by a 
fire, another was constructed and started in March, 1905, Electric 
furnaces were installed and started during 1905, but the production 
of electricity by means of steam engines was too costly, and in 
1906 the factory was Irauaferi'ed to Yorkhaven, Pennsylvania, 
where electricity yielded by a fall of water could he used. This 
company announces that it produces 500 Ih. of phosphorus a day, 
and that it. could produce 1200. The census of 1900 states three 
factories were at work in the United States, but that of lOOd- 
1905 only ahows the Oldbury Electro-Chemical Co, of Niagara 
Palls. Resides what it produces, the United States annually im- 
ports 30,000 to 40,000 lb. of phosphoras, which pays an import 
duty of 18 cents per lb. The price ou New York market varies 
with the quality from 45 to 70 cents per lb. 



GHAPTJ'IH X. 


MAXI) FACT UKK OF 130NF OUST A.\C 01’ iiOXli SUPEErHOSPHATE 
(VITIUOLIZED BONES). 

Thk use oE bone dust as a inanure goes Imcli to souiowliat distant, 
times, It rapidly extended when Lieliig atl vised that it should he 
dissolved by sulphuric acid, so as to obtain moie rapid and certain 
effects, At the present time this product has to compote against, 
nitrate of soda and basic slag. Moreover, certain manufacturera. 
find it more advantageous to use hones in the manufacture of glue, 
and then to transforai them into superphosphate afterwards. 
Whatever be the method of utilizing bones, it is indispensable 
previously to free them from fat, as will be seen in the- eequei. 

Chemical Cmiftetirtiov, of Boim. — The bones which form the 
framework of vertchrm, consist like ail vegetable- and animal matter 
of orgs.nic elements, and of mineral elements of cojubuslillo matter, 
and of ash, The oorabnstilile matter (moisture excluded) consists 
essentially of ossein (yielding gelatine) and of fat. Bone ash consists 
in gi-eat part of phosphate, of lime. If the previously fat-extracted 
bones he digested with dilute hydrochloric acid, the phosphate of 
lime ia difisolved, and a residue of osseiu is ohtainefl as a white 
elaBtic translueid substHuce which consists of : — 

TABLE XLVHL-f)HEMlC.\Jj COMPOSITION OF OSSEIN', 

Carbon , . . • • ’ ■ • 

Hvdrogen il’l- 

Nitroueii • • 1*'^ 

Sulphur 

Oxygen 


Ossein dissolves very slowly in boiling water when bones are boiled 
with water, and more rapidly when treated in a dose vesfid under 
pressure, By prolonging the operation for a sufficient length of 
time the bones can be completely freed from ossein. A residue of 
phosphate of lime is thus obtained with the initial form of the bone. 
Fmally, ossein may he extracted by boiling with dilute potash lye. 

( 173 ) 
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On cooling, the solution of ossein previously oonoeatrated by evapora* 
tion assumes a gelatinous ooDsiafcency, aud on drying it is converted 
into solid tablets which are marketed as glue. The ratio between 
the organic substance and the mineral matter in bones eontirmally 
varies, rot only with the oiigin and race of the animal from which 
they come, but also in one and the same individual, according to 
whether the bones are hard or spongy, In spongy bones the or- 
.ganie matter is higher by 4-5 per cent than m hard bones; the 
amount of carbonate of lime is likewise higher by 11 per cent, 
whilst the percentage of phosphate of lime is less by lh‘ft per cent. 
It is evideril; that the percentage of nitrogen and phosphoric acid 
in bones is veiy variable. Their fat content calculated on the 
dry substance is from 10 to 12 per cent. Berzelius has given the 
ibUowing analysis of an ox bone freed from periosteum : — 

TABLE XHX,— ANALYSIS OT AX OX BONE 


Cartilugf. completely soluble in water ^ 
Vessels „ „ ,, ,> | 

Tiibasic phosphate of lime anil a little CuF^ 
Carbonate of lime . . , , , 

Phosphate of magnesia .... 
Soda vi’itli very slijfht trace of XaCl 


This theoretical composition of bone built up from a select lx)ne 
does not represent the average composition of tlio bones used by 
glue manufacturers, because the bones have undergone various 
treatments, such as boiling, fermentation, which may have altered 
their nature. Besides, bones am supplied by different animals. 
Practically ordinary bones received in factories i-espond in rnniid 
figures to the following analysis ; — ^ 

TABLE XLIX, (.i).— KOWIKATE AXAIVSIS OF BOSES AS SUPPLIED 
TO MANLIKE PACTOBIES. 

N'l' ceni. 


Moisture 12 

Organic matter 28 

Tritiusie pbuaptiatc of time ami magnesia . . 44 

Fat H) 

Carbonate of lime, fis.nd, otn 5 


m 

Commercial bones always contaiu more or less moisture, 
butchers’ bones up to 30 per cent, and they are mixed with other 

^ ILia looks very much like an average analysis of ordinary “ rag bones. 
Ordinary London “ni.g” bonra yield 11 pet cent of fat vi’hea extracted hy 
petroleum spirit.— Tit. 


. (BEKZELIUS.) 
Per cent. 

. oS’.So 
:A87 

' . 2I.'j 

100-00 
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■waste eucH as debris skins, gut, etc. It is impossible to give a 
complete analysis, seeing tbedifftculty o{ taking a fiiiv iiventge sample. 
The skill and experience of the Iwyer, lunl 'insi>«etioii by a glance 
of his eye, m the best guides. Fossil liones naturally ditter in 
their composition, thus theii' ftuoriiie content rises to as iiiucli as 
16 por cent, Miiller found 17 pci' cent of gdatine in diluviim 
booes. 

FertilLrmi Value, of Bom, -Tlic use of boiios as a manure has 
been known for a long time. They have hetui used for eeinuiies 
hi the manuring of vines in the south of France. Hnnter, in 
England, drew the attention of fanners to bonei in 1,771. In tliat 
country the use of bones doubled and trebled the jiroducLioii of 
mediocre land, at a time when certain conlbuinlal agionoinists were 
still protesting against what they called the spolintiou (tjanpUlaife) 
by the bones used in I'ertili^sing the land, Kiigland knew howto 
profit adroitly by this situation, by ini^xutiiig tlioiwauds of tons of 
bones at .a vile price. At a ceilain time all the piodttolion of hones 
took the road to Great Britain, although it had itself an enormous 
prodiifitioii, and in spite of a rise in fi'ciglits. fn IHdti, thehattle- 
fields of Cenfcival Europe, in themselves alone, fiu-iiished her with 
33,000 tons. 

But the introductinu of t'ersian guano, the pioneer of all other 
concentrated manures, completely altered the situation. There is 
not now to be found a single farmer who does give to l>onc 
mantircs all the oredit ■which they deserve, even when he is iii- 
difl'erent to other man u res, However, imonisbed raw hones arc 
absolutely valueless to the farmer, as they do not become soluble 
in the soil until after a very long time.. Now, in older to olitain 
good crops, the fanner reipiircs rapid decomposition of the, nitro- 
genous matter and of the phospliate in the soil. Tiie bones must, 
therefore undergo an appmjiriate operation. In chemical niamire 
factories it is reduced to a lino powder or the gelatine is extracted 
from it, and it is afterwards made into suiterphosphatc (dissolved 
bones). The use of hones in any other foi-tu is spoliation. Bone 
waste {fleshy fibre), which can bo often timight cheap, should be 
similarly treated. 

IStomig, Glasstfying, Sorting md Crmiung Bom.-^Stonng . — 
The first duty of the manufucturer is to bring all hia cate to bear 
on the storing of bones, because when they begin to rot they give 
off a amnlL which the workmen caunot stand. Besides, the decom- 
position of (litrogenoua matter gives rise to a disengagoment, of 
ammonia, aud there is a loss of nitrogen which may exceed O'fi pci* 
cent. The drying of fresli bones reijuires fastidious and costly 
manipuliitions ; that is why they rest oontcut with sprinkling them 
with water containing 0^Q9 percent of carbolic acid or with spirits 
of tui'petitine. 



176' CHEMICAL MANURES, 

Ciamficatiorl of leones . — Market bones are classified as fol- 
lows ; — 

(1) Kitchen These consist of ox, calf, shee^i, goat, and 

some game bones. They are fresh, dry or fused {fus^, V roa^ed). 
They often contain 20 to 25 per cent of water. Dry bones are called 
countrj' bones. Their percentage of moisture is from 8 to 12 per 
cent. They are generally enished and often fat-extracted by the 
vendors, which is readily recognised by the farinaceous tint of the 
boucs on the outside. Fused bones eater into the class of the fossil 
bores ; they are unfit for glue-making, for the organic matter has in 
great part disappeared owing to fermentation and exposure to all 
sorts of weather. Amongst kitchen bones are to fie found sheep 
bones and those of kids, with down, and pork hones, which are less 
esteemed. Kitchen bones generally contain remains of horns, hom- 
piths, glass, scrap iron, earth, bread. Hand picking enables, the 
value of the goods to be appreciated, 

(2) Horse Bones or Knackers’ Bones . — These bones yield a less 
valuable glne than kitchen hones, and they have to be sold cheaper. 
Ten per cent of these hones arc tolerated amongst kitf3hen bones.. 
The fat and glue which they yield are inferior, 

(8) Bwiad Bonas.- -Jhiried bones are those of animals (ox, horse) 
which have remained a certain time in the gTOund to destroy the 
flesh, Tfiey are tlie bones of infected animals which have taken a. 
bistre colour owing to burial. They are depreciated and the manu- 
facturer refuses those with hanging flesh. ^ , 

(4) Bullocks' Heads and Canards {Sheep's Heads) pass into 
the kitchen hone class, but they are generally sold apart for the 
acidulator (? glue maiter,? manure maker : both are acidiilators). 

(5) Scraps and Waste . — These are the residues of the “ turnery ” 
trade. They are in great request for acidulation and are sold 
sepaiatcly. 

(fi) Hornpiths . — They ace used like “scraps’' for acidulation. 
They are fresh or dry. The dry piths are often fused and arc then 
of less value, 

• Bones, therefore, in cocisetjuenee of the different material which 
they contain, are classed and assorted so that the operations which 
they have to undergo i'uraisb satisfactory products. As the-bones 
are most often mixed with impurities which are of a nature to 
damage the machines, it is necessary to pick or assort them. 

Bone Picking. In factories of a certain siae the picking is done 
on shaking tables, driven mechanically or by means of large sifting 
machines, both appliances being fitted with meshes of I of an inch. 
Soil and small particles of hone fall through the grating, whilst 

^ Tbe rcKutreolioQ of the bones of iaiooied aniiualB is a most dangeroTiB 
piactice. The enjth mould from the reiuftiiiB of wumaU dead of anthrax is 
still infections alter twenty years.— T r, 
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horns, glass and scrap iron are sepai'abed by hand on the shaking 
table, or on a ravolving tabic placed at ’'the end of the shaking 
table, or the sifting machine. Generally, they rest content with 
receiving the bones on an inclined endless band, along which the 
female sorters are arranged , The band moves slowly, so as to give • 
time for sorting, and its slope enables the bones to be fed into the 
hopper of a bone crusher. Before falling into the crusher, the 
bbnes issuing from the chain fall on to a naiTOW iron plane inclined 
at 45®, divided into two parts and soldered by a copper Imd. Each 
of these parts corresponds- to one of the, poles of a strong elcclro- 
maguot situated rmdcrncatli. It fellows that if the iron falls outlie 
inclined plane it is retained, and eliminated by tlie sorter who had 
allowed it to pass on to the chain. In this method of sorting, the 
earth necessarily follows the bones into the crusher ; neverthclesg, a 
certain part of the eartih is not fed on to the chain when the man 
feeding uses as a shovel a fork with close teeth in shovelling the 
bones thrown on to a perforated sheet of iron over a pit where the 
earth collects, Although this earth may he i-emovcd in Bubsp.qTJenfc. 
operations, it is always more axivaiitageons to remove it before 
emshing, so as not to have pulvonilent matter in the fat extiactinn 
and in the glue autoclaves. There is little useful matter in thin 
earth, from which the small particles of bones are removed by finer 
sifting. They are mixed with bone meal for manure. 

Bone CrushiiKj , — Two sorts of tools are used in 1x)ne cmahiug ; 
one working at a slow speed, which is the toothed emsher, and the 
centrifugal crusher at great speed, such as that constructed by 
WeidkiKxht. It is well to liave. several successive onishers with 
duplicate exchange pieces, so that they ma.y he replaced rapidly. 
The first crusher is the coarse crusher, and the second the finishing 
mill. 

(1) Slotv-speed Crusher , — It consists of two large rolls formed 
by thick circular tootlicd bosses and with teeth a little obtuse, 
alternately with non-toothed bosses of the same thickness, but of a 
less diameter by the height of two teeth ; the aggregate of the Ixisees 
is mounted on a hexagonal steel a.xi9. The rolls are fitted up in 
sneh a manner that the teeth of the or e coiTespond to the circular part 
of the smaller diameter of the other. They are se.para,ted hy the 
space desired, to crush coarser or finer. For that purpose, they are 
driven by steel cog-wheels with deep teeth, allowing a certain dis- 
placement, One of the rolls is on movable bearings, capable of 
sliding if the resistance to be overcome is too great, being brought 
back to the original position by a system of swings. A good fly- 
wheel ia necessary to overcome passing obstructions, The crushers 
built by Krupp attain the same end, and are made of very hard 
special steel. There are two crushers, the one after the other, fed 
by cup chain elevators in the case of the second crusher, so as to 
12 
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anuiige two pali of rolls on the same framework. The second 
crusher has shorter teeth, and its rolls nearer. The largest pieces 
issuing from the second roll must not, he larger than a small hen’s 
egg, in order subsequently to get a good fat extraction, 

(2) Verji Qukh-$pced MiKhine . — To this class belong Weid- 
knecht'fi (F.) and Carr’s. Weidkiiecht's excellent cnisher consists 
of a very strong framework properly so-called of cast-iron iu two 
pieces, the lower part or pedestal, and the 'upper part or hood ; these 
pieces are bolted at their point of contact. The hood is adjusted to 
the framework, on the one hand, by a joint forming a hinge, and on 
the other h.and by a screw and bolt joint, "By this arrangement 
a single workman is able to iuepect the machine, or change the 
grating in a few minutes. All he has to do is, by a turn of the 
spanner, to reverse the screw of the bolt joint, and to lift the hood 
which hiagee on its axis. The bearings are of great scope and 
constant lubrication. Moreover, to diminish the friction surface 
■of the shaft, the pluiiimer blocks are suppressed, aud to keep up 
the lateral play they are repl,aced by abutment screws which are 
fitted to each end of the shaft and in contact with the tempered 
sheaths adjusted consequently in the end of the shaft. 

The shaft thus maiutaiued is filled iu its,«middlc with a jacket 
or boss, on which fixed, levers are arranged, at the end of which 
levers hinged hammers are fixed whleli work like flails, the hinge 
enabling the hammer to fold itself back when at work if overfed or 
if a foreign body be fed into the machine. The mobility is also in- 
tended to keep the machine from stopping if the i)e\t comes off, 
if it be not fed automatically. In fact, the hammers, by fold- 
ing backwards, let the fine material pass through the grating 
arranged in the lower part of the framework ; the apparatus being 
thus freed, the shaft legaiiis its normal speed without having to 
stop. The hammers thus form a fly-wheel, storing up active energy. 
The machine is fitted on its interior lateral faces by toothed steel 
plates of great hardness ; they are kept in position by bolts and can 
thus bo easily replaced. The hood or upper parf is fitted up in the 
same way on its lateral faces ; moreover, it has on the roof linings, 
likewise fitted with projections, and fixed by bolts oa the shaft 
is the driving pulley. Tlie machine is in fact very strong, and the 
pieces easy to replace. There is no heating in spite of the speed, 
for the ventilation due to the motion is very energetic. The fine- 
ness of the product depends solely on the dimensions of the grating, 
which iu the case of bones consists of liars wide apart, through 
which the hammers drive the crushed bones, A crusher with bars 
less far apart acts as a final crusher, and, as before, a chain cup 
■elevator serves to feed the second with the crushed bones from the 
first, 1 

^ But each machine built on the (ljsiatej?rator principlR is sold to make fine 
ibone meal. Although the translator has not had much espeiicnoc. of bone oniBh- 
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It is asserted that crashers workiii^r hy shoch develop more 
heat than need bo. With crashoig such as those descriW work- 
ing at a g^reat speed, with the bars of the grating fai' apart, the 
temperature dues not rise more than with a toothed cj linder, for 
the ventilation is very energetic and the friction ledriced by the width 
of the paegages. ^ 

Fairactuyri of Fat from 5o » es.— The ex traction of fat front itones 
is an indispensable operation, even when it is a question of nieidy 
converting the fjones into dust for the farmer. In fact, hone dust 
not deprived of its fat is of loss value, Itecause the fat docoinposes 
very slowly in the soil, and constitutes an obstacle to the phosphoric 
acid becoming soluble. 

Fat may be extracted fiom bones by three processes: (1) By 
simple boiling in open pans. (2) By the action of steam in closed 
vesfiolfi. (11) 1 5y solvents. The exti’action of fat by simply Iwiliira 
leaves the ossein almost intact, but generally there is only obtained 
a portion of the fat In the bfines. 

By extracting the fat by steam, a higher yield of fat is obtained, 
especially if the operation he continued long enough, hut a portion 
of the ossein is then transformed into gelatine. Now, in manure 
mamifflotories this gelatine coiistlLutes a loss and bficonies cumber- 
some Irecause it decomposes rapidly ; if it be diverted into a stream, 
it infects the rivulets. It is best used in imgation. Bone dust 
from bones treated by steam is more soluble than that of bones 
from which the fat has been extracted by simple Ixjiling; moreover, 
it is also more in I'equest by farmers.-' 


ing by two inaoUineH nmuing tandem as it were, yet here the fine meal made at the 
outset, apparently passes along with the core to the second msRhine, whieh it would 
most certainly block up if fed into it as rapidly as it mium rmni nmehiiie No. 1. 
The crushed hones from No. 1 maehine should certainly be screened before 
im.«BiDg to No. 2, ao that the hammers can get at the lumps without the Biiialler 
particles removed by the scieen acting as bnllere. Tlieie ts no Kctling over the 
fact that the grinding of hone meal hy sneh umeliirieB is eostlj. It is a pleasant 
eight to see one go ahead for an hour, It is another to see four or fire men idle 
through hloohing up for a (quarter to half an hour.— Tu. 

' The bearings should be kept clean arid free from dust as far as practicable ; 
oily bone dost ie liable to set the luciringB aflame. The hBnriiigH idiuutd be 
covered during grinding and only iiiicovcied for luljj'icatioti. .Vlachines revolv- 
ing at 2000 to 3000 revolutions a minute develop quite enough heat on the 
bearings without it being inerfi,ifieri by fiiiR air-driven bone dust.- Tk. 

* As far as Great Britain is concerned tlie translator dissents (see previous 
note). Moreover, there is no absolute necessity whatever for the manure manu- 
facturer to turn bone boiler, whatever there may be for the bone boiler to turn 
msbnure nianufacturcr, 

Whether fat extracted or non-fat extracted ground bones decomposes 
most rapidly in the eoil, will depend on ciccnmstancefi. Many years ago the 
translator saperintended the dispatch of some 30 tons ot bone meal made from rag 
■ bones, i.e. non-fat extracted. The next year the same eiistomer was supplied with 
ground bones from bones that had been boiled under pressure. He made a most 
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But this preference is not justified, for bouo dust L'om steam- 
extracted bones is less rich in nitrogen. The extraction of bones 
by solvents (benzene, petmleum, ether) gives a larger yield in tallow 
whilst preserving inte^ly the ossein of the bones ; these tlieii form 
a powder rioh in nitrogen. This process is undoubtedly to be pre- 
ferred whatever may he the point of view at which it is looked 
(manufacture of gelatine, or manufacture of manure). It is the only 
rational process to apply. 

Extraction of Fat frerm Boms by Water . — This process is the 
most ancient, and recalls the akiimning of the cook’s “stock” pot. 
In a cylindrical cast-iron pan a little wider below than above, there 
is introduced by means of a crane a basket of perforated wrought- 
iroii ooutaiiiing about one-half ton of hones. The bottom of this 
basket, likewise perforated, can open into two semi-circular parts 
held by hinges on a cross bar, dividing the basket into two equal 
parts. These two doors are closed by hooks, so as to receive the 
charge. The basket is cyliudrical, a little smaller in diameter than 
the pan which contains it, and shorter by i inches. A strong 
circular hoop at the top supports the sheet iron, and carries four 
strong handles, by means of which the cross-piece of the crane can 
lift it. 'L'he cast-iron pan is fitted wiLii a gutter or throat, so as to 
separate tlie fat from the water In a continuous manner. The 
basket, therefore, being charged with bones in the fat extraction pan, 
wafar is run in to immerse the hones and steam caused to bubble 
in the bottom from a perforated steam coil, The water, brought to 
about' UKl" U. E.), causes the fat to rise from the hones 
thruugh holes in tire gutter at the same time as the excess of water. 
The fat Hows constantly from the gntta’ by the horizontal exit tube, 
whilst the water in the bottom isanes through a bent tube without 
taking any fat with it. The exit of the fat may be facilitated by 
a superficial push, or by a paddle driven mechanicaliy, mounted 
on a vertical shaft fixed, on the side of the pan, capable of being 
rotated and raised at the end of the operation, so as to allow' the 
basket to be freely removed from the pan. The bones H,rB extracted 
in this way for about an hour and a half, after which they are re- 
moved from the basket to the washer. Certain factories slightly 
acidulate the water by an addition of sulphuric acid, 4 litres for 
500 kg. of bones (say 1 gallon for ^ ton), so as to free the grease 
from its calcareous eompouuds. There is obtained 1 to 5 per cent 
of fat according to the quality of the bones. The same water can 

grievous complaint, and he vraa right too, because boiling removes aminniii#^ 
Bones, the fat of which is extracted by petroleum spirit, arc possibly not depreei- 
alcd in value to the farmer. The author SRems to have written this chapter 
mote ft*m the point of view of the glue manufacturer than the maker oi arts- 
huial noanuree. The farmer who knows his hueiness will not take ground steamed, 
bones when he waate giotmd kitchen or rag bones.— Te, 
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servo for scvml auceesaive operations, and finally gives a boiling of 
gelatine concentrated enough for making glue. If gelatine be not 
made, the boilings are collected and concentrated liy evaporation 
to add them to the bone dust as shown in the sequel. But the 
same water cannot seiwc indefinitely for fat extraction. After a 
certiiii time, it is remarked that the fat which it dissolves no 
longer rises t,o the eni-faee. The solution takes a milky appearance ; 
it is a sign that it is saturated with gelatine and that its concentra- 
tion obstructs the ascent of the globules of fat, 'It must then be 
drawn off and replaced by fresh water. Unless fresh bones are 
operated on, the fat obtained on extraction by wat,e»' ie generally 
of mfciior quality, . it gives off a bad smell and is more or less dark 
in colour. It is puiified as indicated further on. 

Fat Extractim. from. Homs hy Steam. Fat extraction ffioin. 

bones by steam is done, in large cast-iron cylinders, capable of con- 
taining 4 to tors of cniehed boiio.s, the upper opening serving for 
the inti’oduction of the bones, the lower opening for their discharge. 
These openings arc dosed by hinged lids as in an autoclave. Steam 
enters at the top and the fat runs off from the bottom by means of 
pipes situated near the aperture. Sr,ea,m of from two to fom“ 
atmospheres is nsed^ for ouc to two hours the steam entrains the 
fat with it. The condensed water, charged with fat and gelatine, 
collects in the space reserved below the false bottom and is after- 
wards added in the manufacture of nitrogenized superphosphates, 
although the t,at exercises an unfavourable influence on tlie dis- 
solving of the phosphate. This water generally contains 1 to per 
cent of nitrogen and 0'3 per cent of P.20,,i, in the concentrated state. 
It contains as much as 7 per cent of nitrogen, 3 per cent of ash, 60 
per cent of organic matter, and 45 per cent of water. The solntion 
of fat and gelatine is withdrawn from lime to time, and the treat- 
ment by steam continued until a sample of the liquid contains no 
more fat. To separate the two, the different draw-offs are united in 
a wrought-irori pan with a conical bottom, fitted with a steam 
jacket into which steam is injected, and a tap for drawing off the 
fat. The object of heating is to keep the gelatine fluid enough for 
the fat to separate on standing. When separation is complete, 
the fat runs off by the above-mentioned tap, and the gelatine is mo 
into an evaporation pan through a valve in the conical bottom of 
the pan. Whatever may be the quality of this gelatine, it may be of 
advantage to reduce it to a marketahle form by a series of mani- 
pulations which the author has described elsewhere. By submitting 
bones to systematic storing, all the gelatine may be extracted, and 
the resulting hone duat, almost destitute of nitrogen, contains 3b per 
cent of phosphoric acid. Bone dust is often mixed with moist 
superphosphate to dry it. 

Some manufacturers only make degelatiaizcd bone dust wRich 
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coiiaiiLutes an excellent IolkI for aiilmala and a very active cliemical 
manure for meadows. 

The fat extracted from hones hy steam has perceptibly the same 
colour as that got by boiling, but it is of better quality and gives off 
a less unpiensaiit smell. When the bones treated have begun to 
decompose, as very frequently is the case, the volatile bad smelling 
produfitfi .are in great part volatiili?;ed during the opera, tion. Bang 
and Baffin have suggested steaming combined with centrifuging. 
The fat with a Little gelatine can first be extracted in a centrifugal 
machine, then the gelatine. This process has not been adopted by 
bone’boilers, but it is used in extracting fat from fish, 

Exlmclion of Fai from Bones hy Btmine . — For a long time 
efforts were made in France to extract fat from hones hy heoTiine. 
Dftiss used carbon disulphide, hut as the bones, the fat, of which was 
extracted by this solvent, gave liad quality glues, the process hardly 
extended. In 1871, Vobl suggested canadol (gasolene) as an advan- 
tageous substitute for carbon disulphide ; then in 1876 M. Teme took 
out a patent for extraction by pcti-oleuin benzine, in America, whence 
this industry spread to Europe. Petroleum benzine presents, in fact, 
less danger than carbon disulphide, and its condensation is more 
easy because it boils at a higher temperature. rThe apparatus con- 
structed by Mr. Deroy, sen,, for extracting fat from bones by 
petroleum benxiiie consists essentially (Fig, 36) (1) of an extractor 
A with a perforated false bottom, and steam coil; (2) of a re- 
cuperator 11 or distilling pan; (3) of a condenser H; (4) of a 
pump E for circulating the solvent. Worhbui . — Tlic routine of the 
operation may be re,gumed thus. A certain amount, of w.at.er is run 
into the extractor according to the cjipacity of the apparatus, so as to 
preseiwe the coil and the taps from the attack of fatty acids. After- 
wards, the extractor is charged with crushed bones free from foreign 
matter. As soon as the charge amounts to a quarter of the capacity 
of the apparatus, the pump is started, and a begiutiing ujodc by 
drenching with benzine, the bones introduced. During this time 
the autoclave is charged in such a way that the solvent constantly 
bathes the bones, which enables the interposed air to escape fixiely. 
VVlicu the apparatus is full tlic top stopper of the extractor is closed 
and the tap 23 on the condenser opened. The air is allowed to 
escape until coadensod benzine appears ; the tap is then turned and 
the pressure allowed to rise to kgs. on the manometre (9). 
This pressure once reaehfid, the steam tap is closed and the ap- 
paratus allowed to rest till morniug. The benzine is charged with 
all the fat of the tx)ne8, and the vapours are totally condensed. The 
next morning the apparatus i.s emptied lulu the diatilliug pau, aud 
after a rest— about ten minutes— the water, pi’eviously run into the 
autoclave, and which now oeeupies the bottom of the pan, is "with- 
drawn, The benzine is then recovered by distillation and by pass- 
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ing it thrmigh the coiideaser G, hy moans ot llie gooseneck 13, and 
the tap 24 ; it goes to the reservoir E. The benzine impregnating 
the hones is gubjeoted to a onn'etit of steam, which finishes by en- 
training it into the distilling apparatus. When it has been made 
certain that nothing hut water passes in the distillate,, the extractor 
is emptied, first opening t!ie lid of the top manhole, and then the 



bottom Olio. The distillation i.s urged until no more petroleum 
benzine distils. At this moment a current of steam is injected into 
the fat by means of a perforated steam coil which carries oil the last 
traces of solvent. The fat can then he drawn off from the distilling 
pan hy the tap 21. 

PurificaiioH of Band Fat.- Fresh bone fat is naturally whiter 
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, / nifcrr bones [? rag bones) It ispr;- 
ih^n the iat /roiB OLd j ^ mduhie& with 

btL.- i:/ieij /jeaMilf by « perforated steam coil, 
jvhic'it tifi/Uy UiH two rip topather. After some time the tallow shows 
clear and no tarbidity in the saloon. Tiie steam is turned off and 
the -whole allowed to stand. The mixtuin of tallow, gelatine, 
carbon and phosphate of lime, and fatty acids combined with lime 
is destroyed, the gelatine is dissolved and oxidized by the acids, and 
the lime is precipitated as sulphate of lime with vanous impurities. 
After sufficient resting, the layer of fs.t is separated by means of a 
pipe hinged to the diaw-uff Lap.’ This pipe enables the pure fatty 
layer to be run off and to reject the water and sulphate of lime. 
The purified grease falls into a wooden vat lined with lead, wliere 
it is washed several times with boiling or simply ^epid water. After 
which it is let stand and drawn off as before into casks for use in 
soap works or candle works. 

Bone fat ia often bleached as follows : — ’ 

To the melted fat mixed with half its volume of water, 2‘5 per 
cent of chlorate of potash is added and enough hydrochloric acid to 
decompose the whole of the chlorate. An excess of this acid ia 
added to neutralize ca,lnn.reona compounds. The tallow is purified 
and whitened with2‘h per cent of chlorate and a semi-tint obtained ; 
with 5 per cent of chlorate a whiteness of the tallow is obtained 
analogous to that of lard. It is washed several times with water, 
until the wash water is free from chlorine, which is recognized by 
iodized paper. Bleaching by sunlight is equally energetic. The fat 
must be run into ah allow vats which are exposed to the light. 
Agitation in preaence of ozonized sir also constitutes a method of 
bleaching. At ilie normal temperature, bone tallow is soft, unc- 
tuous, and does not rancirlify easily. Although insoluble in water, 
like all fats it contains about 2 per cent of water, which it is im- 
possible to eliminate even by heating it to 100' 0. To obtain it in 


^Buue fat is rather too viscous and easily nooled to be veadih’ syidioiied. 
it is transferred from the refininp; pan In the wash pan hj- short ImiuUcd ladles 
or dippers, and filled Iroin tin; wiisli tank i ritii biu iclK htiwiding alongside hy the 
same dippers. After the bone fat has cooled and set the casks are headed up by 
a cooper or handy naan.— T r. 

, ^The author does not differentiate between the bleaching of white bone 
fat got by boiling of fresh bones and of brown bone tat got by extracting 
rag bones by benzine. The best results the titinslator got with cliliniru! as 
a bleaching agent of brown bmie fat, was a canary colour. Brown bone fat takes 
up tons of water te form a wi>ite e-mulsmi, but deprived of the emulsive water, it 
is a long way off white. Sulphurous acid is said to give good resulla, mid 
possibly in soap-making it could very well be bleached by hydrosulphite or 
“blaiikit” ill tin; suiip.pivn. But possibly it is impossible to eliminate the 
fusty smell of browu bone fat even from soap made frcin it.— Tn. 
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an anhydrous state, it ia neoeasacy after hEiving lefitied It to heat it 
up to 150° C., and to Tnaintain it for some time at that'tsmpemture. 
But it easily finds a buyer even when it contains a little water. 

ManuJaciUTf, of Bone Du&t . — Pat exti’acted non-degelatinizod 
bones are reduced to powder which passes through a No. 50 sieve 
and dispatched to farmers without other treatment. If on the 
contrary the hones hare been deprived ol' the greater part of their 
nitrogen, they decompose with difficulty in the soil, ami it is bettei' 
to convert them into superphosphates. The crushers used being 
the same in both cases, the i-eadev is i-eferred to the description 
already given. The mode of action in the soil ol the nou-degcla' 
tinized bone dust is based in the fimt instance in the solubility of 
phosphate of lime in putrefying gelatine. It l^ehaves in a certain 
sense like raw Peruvian gnauo, which has l)ecn described, and in 
which the basic phosphate of lime is rendered soluble by the nitro- 
genous elements which accompany it. The bone dust in the soil 
is distinguished by this peculiarity, that its phosphoric acid is not 
absorbed by the soil, and it can thus peiLetiate into the deeper layers, 
whilst every other solution of phosphoric acid is retained by the sur- 
face soil. This property of bone dust Is sometimes of great benefit to 
the farmer. The refui'ii in the same soil during soveml successive 
years of plants with a tap root, may have exhausted the subsoil of 
phosphoHo acid. In that case bone dust furnishes tlie means of re- 
storing to it new stocks of that element so necessary to vegetation, 
'The finer the bone dust the more easy is it dissolved and decomposed. 
Onarsft powder only acts feebly, hut its action ma,keR itself felt for 
several years. The fine powder decomposes rapidly in the soil and 
acts energetically the first year. That is why farinere always re- 
quire a fine powder. It is to the interest of the manufacturer to please 
them by looking after the crushing and the grindiug of the powder. 
Rone duet made from fat extracted hones has the following com- 
position, according to Holdefleiss : — 

XAbLt; L.— AJSALYSIS Of DUST FROM FAT EXTRACTED BONES. 

I’sv cent 

Nitiv)g<’rt . , . 4‘14 

Phosphoric »ci«l , . 'il -tiS 

Water .... 

Oif^nic matter . , 36-2t) 

Carbuiiiu aciil . 2 '150 

Sulpharic acid . , 0-41 

Lime .... 27'SI4 

Magoesia . . . 0*68 

Oxiileor irnn , . 0-.')7 

Fluoiiue . . . 0-52 

Sand .... 3'6rt 

Stoind and fat extracted bone dtist docs not contain more than 
2 to 3 per cent of fat. 


sa^ 43 |»ei' cent Ca,P,,0„ 
itiii] 04'i iHireBnt Mf’-TjO, 



186 


CHEMICAL MANURES, 


Tim ellidifincy of bone duBt. as manure has been the subject of 
many discussions. P. Warner and Mercker seem to have misunder- 
stood its fertiliaiiig value, whilst other experiinentaliats have obtained 
excellent results. According to recent experiments, it is recognized 
that the bfficacy of bono dust was perceptibly ineveaRed by an 
addition of solvents (‘^conversion info vitriolized bonee) ; nitrification 
bacteria likewise intervene, A small quantity of the solvent (sul- 
phuric acid] suffices to give to bono dust a remarkable activity, as 
experiments on this point testify. Tliis agent has the effect of 
disintegrating the bone dust, and rendering it soluble in ciUato. 
Stoved bone.s, iicni-fat extracted nor degelatiiiized, do not dissolve in 
a satisfactory manner. The organic matter of such bone dusts is 
transformed into a gluey matter very difficult to dry, 

Classifimticm of Bone Has t,— J. Konig has pioposed the follow- 
ing classification of bone dusts : — 

1. NormalBom Diixh,or Bona. Dust No. 0.— -Those bone dusts 
which are made from bones which have not undergone any tieat- 
inent for the extraction of gelatine, and containing 4 to 5*3 per cent 
of nitrogen and 19 to 22 per cent of phosphoric acid, in which, more- 
over, after deduction of the matter extiactable by chlorofomi is as 
1 : 4 to 5-5. 

2. Bow, Dusts {wilhout any other designation ). — Those bone 
dusts which contain 3 to 4 per cent nitrogen and 21 to 25 per cent ol 
phosphoric acid, and in which after deduction of the matter extract- 
able by chloroform, the ratio of the nitrogen to the phosphoi'io acid 
is 1 : 5 5 to 8'5. 

3. Degelatiuized Bone Dnsts . — Those which contain 1 to 3 per 
cent of nitrogen and 24 to 30 per cent of phosphoric acid, and in 
which after deduction of the matter extractable by chloroform, the 
ratio of the nitrogen to the phosphoric ac:d is 1 : 8'5 to 30. 

To these kinds of bone dusts must be added the bone dust made 
in some countries from raw bones. However, there is sometimes 
sold as raw boue dust the waste from bone-black making after the ex- 
Iractiou of the fat by benzine. Nothing should be designated as 
raw boue dust unless actually made tVuni raw bones. [The bone- 
black factories sieve the bone dust from the meal or granules before 
charring the bones, as the dust is not so eflicacious as a decolorizer 
as the granules. — T k.] 

4. "klud Moniura T)mU.- 'I'he manure dusts which after deduc- 
tion of the matter extractable Ip^ chloroform containing 1 per cent 
of nitrogen us osaoln, and in which the ratio of nitrogen to phos- 
phoric acid is from 1 : 30, should not be designated as bone dusts, 
but as mixed manure dusU. 

Meat- Bmt {Meat Meal ). — An exception to this rule is formed 
hy the uuiniire prepared in the manufacture of meat extract, and 
which ought to be designated as meat dust (meat meal), which snffi- 
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ciently differetiliates it Iioin the above-riatned. hone dnsts. Thus 
established, thecllfleventiation oi the diherent qualities o{ bone dusts 
is veij shar|i| and they arc no longer uonl'iised u ith nijJtLuie of lioni, 
hair, etc. 

Botic dust is the subject of mirnerous sophistica- 
tions. Finely crushed gypsum and covozo powder are often found 
therein, substaiieca which It is impossible to reoogih/o by the naked 
eye. fn that ease the analysis of the product shows that its per- 
centage of nitrogen and phosphoric acid is inferior to the tionnal, 
for coiwo only contains 2'14 per cent phosphoidc jurid and 0‘96 
per cent nitrogen, and gypsum contains neither of these ingredients. 
But the most frequent luhilLeiation consists in adding to it phos- 
plioi'itc, or the phosphatio lime of the glue manufaetin ers, or a mix- 
ture of phosphate of lime and greaves. As all tliese products arc rich 
In phosphoi'io acid, tlicir effect is to increase the tota.l phosphoric 
acid of the product, and to diminish considerably its percentage of 
nitrogen. To bide as much as possible the difference between tlie 
two elements which would be revealed by analysis, sophisticators 
resort to sulphate of ammonia. But, as alrcatly jioiiited out, the 
essential element hesides phosphoric acid is ossein, or gelatine, 
which cannot be replaced by nitrogenous debris of animat origm, 
and far less by .sulphate of ammonia. The alioYe sophislicHtioiis 
are therefore very prejudicial to tlie fai nicr, even if be receives in 
that ^Yay more nitwgen and phosphoric acid than furnished to bim 
by norma! bone dust. The mixture of phosphorite or of phosphate 
of lime and ammouiacal salt can iievei' replace bone dust. No 
more can the mixture of phospbate of lime and greaves replace it, 
for the nitrogenous elements of this mixture, do not consist of ossein, 
but rather of a suhstHuco analogous to horn. 

As regards the impunties, sand, etc,, and the degree of moisture, 
they should not exceeil ccrluln limits. Like all pulverulent si]l>- 
stances, bono dust draws moifitnre from the air and the manufacturer 
cannot he responsible fur it. The normal rnoishire is 4-7 and the 
percentage of sand 2‘i per cent. 

Mamz/acturin^ of ihne Stqwrphospliaien. — As just seen, lione 
dust differs in composition wdth the nature n.iid quality of the I tones 
from which it is derived and the melhoit of imunifacture. In 
normal bone dust, the riitiouf the nitrogen to the phosphoric acid is 
as 1 : 5. (ienerally, however, there is found 0-u to TO ])er cent of 
nitrogen from different debris of animal origin. Bone dust of this 
nature may be delivered to farmers without other treatuient. But if 
tho ratio between the nifcrugeri and the phosphoric acid is less, say 1 
to 6, or beyond (Holdeflciss found a sample was 1 : 2!TtW), it is a 
proof that the bones were too much degelatinized, and the dust is 
of less value if used directly as manui’e. It would behave in the 
soil like a mixture of noi’raal bone dust and phosphorite powder, 
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or if its peixent^ge of nitrogen has been artificially luereaaed, as a 
mixture of normal bone dust, phosphoiite and of dried blood. All 
the phosplooric acid in excess above the ratio of the j^oportion of 
ossein nitrogen to pbo.splioric acid should be regal'd ed as raw phos- 
phate, and of no value to the farmer, 

But these sorts of bone dusts yield excellent results if oonviirtcd 
into superphosphates. In fact, if all the phosphoric acid be dis- 
solved, the latter lias no need of ossein in the soil ; the hone dust 
eo treated constitutes a uitrogcuiaod superphosphate. The manu- 
facture of bone superphosphate (pure dissolved bones) is very simple.’ 
The bones, previously crushed and degreased, are reduced to powder 

’Thu anther does not quitu do jiistioe to the ^ravc techukal diflioulties 
which beset the making of ynire dissolred bourns. It is almost an impos- 
fiihlo tflesk. Till! ilinioiilticiH licgin at the outset, Plrst of all, •working with 
a Tnixci' that will easily make tons of iiiiocral supei-phospliate at a mix- 
ing, the ohai-ge must be reduced to ton mixings, and with certnin inl,mnf,filih! 
'bone meals to ^ ton mixings. The I'casuu is tlmt the interaction between 
the acid and tiio bone dust is more energetic than in the ease of mineral 
phosphate, and owing to the r.ipid formation of sulphate of lime the tiilxei- teiiils 
to set. This perforce leads to the use of water to get the charge out of ihe 
mixer. In the “ dun ” the finished mass looks like dirty poiTidge, white inside 
but browuon the surface where exposed to the air. The only way In dry il, is 
to cut it into pieces with the shovel and sprinkle it wfth bunu meal, dry in an 
oven, and then try to coax it, throngli a wide-incBhcd screen with more bone 
meal and t.lieii through a liner screen again with morc hone mosl. Tlonc super 
phosphate, puro diasnlved hones, vitriolizcd bones, will never dry in the heap. 
But the traiidator found it to dry well in the sun by turning the pieces over and 
•sprinkling with hone meal. It will thus be seen that to innkn iiurc vitriiilizwl 
hones is a costly operation and one wiiich in no way pii.ys tlic conscientious 
manufacturer who looks Sislmncf, nt, imy order for it. As to putting bone black 
up tlic oupa before the bone dust, the only advantage, the translator nan .see is 
that the bone black is more tranta.ble, but he never found it to have any great 
drying propel 1,111!!. Bimc asti if available would be far less objectionable’. For 
one thing U would not make the niamive unsaleable. Farmers when they see 
a black manure always think of snot, and the tvanshi tm will always remeinber 
the anathemas hurled at him by a farmer whose order for a 37 per cent soluble 
phosphate he had executed with a bone black superphosphate. A little bone 
black goes a long way, as paint manufactnierfi know, anil a larmcr ilccidcdly 
objecte to a manure as black ns his Imt. He eau only te-t ihe msiuive organo- 
leptically, and he flatters himself he knows soot when he sees it. Hut I lien a 
pure dissolved bone should consist of nothing bat rsw bone luid acid. Strictly 
speaking, boiies trc.'itcd lor their fat or thea' gelatine cea^e to lie bones, and 
their definition must be qualified. As to the addition of nitrate of soda m the 
mixing, that will give a good deal more than 3 pnr ctini. of suit cake in the 
dissolved bones, and that ohu only be looked upon as an adulterant. Besides, 
nearly ^ ewt. of nitre to the ton of bones w'ould mean that the operation, owing 
to the fumes, wonld be insupportflble, es Ihi! si,i>!Mu rolls off in billows and 
it only wants nitrous fumes to make the position of the man at the mixer a far 
from enviable one, especially with a mixer that is open or half open during the 
mixing process. Again, why should the manure nianifautnver lose bs. per ton 
•of hones for which he gets no credit ? All the same, nitra,te of soda up the cups 
will no doubt help the dissolved bone to dry, and as a matter of faat ii ufiKisln 
ail manures, but a black draught may gas the man at the cups who cannot well 
get away from it. A rapid current of warm air is whai is required to dry vitriol- 
ized hones. Hrying machines like Figs, 32 and 33 should be efieotual. Stewing 
in an oven with a poor draught is not at all effectual and chars the manure. — T r, 
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by imeanR of a atfiel ball mill, or by a Carr's disintegrator. The 
powder yielded by the crusher is then passed through a No. .W' 
sieve, and the core re-tnmed to the crusher, which finally reduces it 
to the desired fineness. 

The bone dust is then mixetl with the desired amount of dilute- 
sulphuric acid, using the same mixer as in making mineral super- 
phosphates. Hut bone dust does nob behave nearly so well as 
mineral phosphate under the action of the sulphuric acid. It 
has already been pointed out, that mineral superphospliates contain 
free phosphoric acid, which renders them moist to the touch. To 
this drawback, another is added in the case of bone superphosphate, 
the sulphuric acid converts the organic matter into a viscous maHS, 
which prevents the drying of the superphosphate. 

A multitude of methods liave been tried to eliminate this draw- 
back, blit the greater number have failed. In this way it bas bceni 
tried to dry the superphosphate with sand, lignite, ash, and other 
analogous palveruleiit matters. But the addition of all these sub- 
stances not only diminishes the percentage of nitrogen, but it opens 
the door to sophistication of all sorts. It has been given up. 

Another way of attaining the same object, proposed by Bumpier, 
was the use of iione black, As this material possesses considerable 
absorptive power for liquids, it may be siiocessfiilly used to dry 
manures with a tendency to remain damp. The bone black is in- 
corporated thus: The bone black is first incorporated with tlie 
quantity of sulphuric acid required to dissolve its phosphate, at the 
same time as that for the hone dust. When the decomposition of the* 
black ig finished, the bone dust is incorporated with the mixture. 
If any insoluble phosphate remains undissolved, it is bone phos- 
phate, which becomes readily soluble in the soil. 

if it be desired to increase the amount of nitrogen, the gelatine 
extract obtained by steaming bones njay be added to it. But, so as 
not to introduce too mucli water into the manure, care is taken to 
reduce its volume to a third by evapuralioii, and to use sulphuric 
acid of high strength. Finally, it is preferable fo secure the diying 
of the phosphate by only dissolving it incompletely. In that case, 
only I or ^ of the sulphuric acid required for completely dissolving; 
the phosphate Is used. 

Again, the addition of a little nitrate of soda 1:2 per cent con- 
siderably accelerates drying. 

Bone superphosphate dries spontaneously in the heap, and at the- 
end of a month the reactions of which it is the seat are terminated. 
It suffices then to pass it through a Carr’s crusher, and to sift it 
to reduce it to a pulverulent form. 

Mixture y/ Bone S^i’perphQSfhnU [DissolDid Bonss) and Nitro- 
genous Matter. — Bone dust from steamed boues only ewntains on 
an average S to 4 per cent of iiiti'Ogcn, It docs not contain more than 
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per cent after its conversion into auperpLosphate. It is small 
compared with the 15 to 17 per cent of soluble phosphoric add 
which accompudties it. Manure manufacturers, therefoVe, try to in- 
crease the percentage of nitrogen by the addition of substances of 
animal origin.' By this meanfi the enormous amomit of daily 
waste from animal sources in large towns can be restored to the 
soil. The process is as follows : The bones, as they conic Irom the 
digesters, are mixed still moist with acid of 50" B., and the nitrogenous 
matter added. These nitrogenous matters are those, already studied, 
but their treatment differs a little from that applied to them when 
used alone. 

Blood . — After coagulating the blood by heat in the manner 
described further on, it is added to the bone dust in the proportion 
of flOO lb, of fresh blood m ii5() lb. of fresh hones. The bone 
superphosphate thus obtained is rich in nitrogen, it contains in the 
dry state 4 t.) 5 per cent of nitrogen, and 9 to 11 per cent of phos- 
phoric acid; it only contains O'ol per cent of insoluble phosphoric 
acid. The bone superphosphate to which blood lias been added, 
dries much better ; this Latter therefore furnishes a means of obtain- 
ing a perfectly soluble powder richer in nitrogen. If it he desired to 
still further increase the nitrogen and to bring it to 5 to 6 per cent 
for example, the ditfereoce can be got over by an addition of dried 
blood, meat meal, or an ammouiacal salt.- 

Hom . — Although horn previously steamed may be easily crushed 
in the flatstone mill, it is better to add it in the state of floui- to 
the finished superphosphate, because if added before grinding it does 
not distribute itself so well as blood. Wool dust and analogous 
waste are preferably treated like leather waste, for they are too bulky 
to be treated by steam, 

Lmthf.r Waste. — It has already been observed that ground 
leather prepared fram tanned leather is one of the least active of 
uitiogenous manures. They are best treated as follows : The 
leather is charged into a large leaden pan capable of being heated 
by a double bottom or by a lead coil, and moistened with sulphuric 

in Great Britain tku mamu’e then ceases by law to be dissolved bmies 
ttud enters the class of (^tsroJwcJ bone coinpounde, trinl in tliis latter {tlay» tliu 
UTiits of nitrogen and phosphoric acid are paid for at a :nuoh lower rate 
than in pure (liKsolvul bones. From a manufacturer’s point of view, therefore, 
it is better to use these nitrogenous adjuncts In uiakirig {lissolved bone com- 
pontids in whioh little or no bones are used, the bulk if not all of the phosphates 
being derived from mineral sources.— T r, 

'But here again the addition of so much, blood would oaubo this manure 
in Great Britain to fall into the obiss of blood manures ; at any rate a 
maniiTO witli only U to 11 per cent of phosphoric acid (say 20 per cent of 
soluble phosphates), and no insoluble phosphates, wonld never pass muster as 
a genuine dissolved hone. All Ihnso uniinal substances the British manufacturer 
oombines with miueial superphosphate and sells as dissolved bone compound, 
or in this ease possibly as blood manure. — T k. 
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acid of 50” to 00'' li., and the whoie heated to foiling. The leather 
rapidly dissolves to form a brown liquid, which is drawn oft' by a 
tap a little’ below the false bottoiiij and which is used in jdace of 
ordinary Sulphuric acid to dissolve the bones, This method of 
treating leather presents great advantiages. It enables the orniiu- 
facturer to preseiwe all the nitrogen, which would otherwise lje lost, 
as extract, Easidss, and it is an important point, the tannin 
op[)osed to the decomposition of the leather in the soil is destmyed. 
Flesh, lungs, livers, spoilt greaves and other XA’astc arc dissolved by 
the acid like leather. The sequel of the ti-eatment is'the same as 
ill tlie case of leather, Greaves am particuhuly rich in nitrogen, 
They often give iip as much as 1(1 per cent of fat to the sulphuric 
acid used to decompose tliein. If sulphate of ammonia he used to 
increase the nitrogen content of dissolved imnes, it likewise can be 
dissolved ill the sulphuric acid, whilst nitrate of soda can only }»e 
added to the finished product. The mixing is then done by aid of the 
crusher or by the toothed roller mill. Hair, horn, and vtooI waste 
are also dissolved in the acid. The . solubility of the organic matter 
is greater in nitrous sulphuric acid than in sulphuric acid alone. For 
one part of these materials, two parts of nitrons siilpliiirio acid at 
50° to 60° B. arc taken, and if there be no nitrous acid at disposal 
residual sulphuric acid is supplied b) s.n adilition of 2 per cent of 
rii train of soda.’ 

Animal Charcoal . — Cointnoreial animal ciiatcoal comes almost 
exclusively from sugar refirieis and glucose factories. To purify their 
juices, the refiners use large amounts of animal charcoal. In the now 
state, that is to say, freshly calcined, the black possesses a very ener- 
getic decolorizing p o wer . Bu t this property is attenuated by use. To 
revivify the black, .and to restore to it, at least partially, its decolorie- 
iiig and purifying properties, it is fermented, treated by acids, 
washed, then again calcined without access of air. Thus revivifying 
operations give rise to an important waste under the form of a line 
powder, which Is sold as manme. After a serios of revivificatious, 
the granular black is itself spent, and revivificatioti is powerless to 
restore to it its initial properties. Foriuerly animal chai’coal was 
in current use' in sugjxr works, but within the last fifteen years it 
has completely disappeared. The refinurics aluue uonlinue to use it, 
and consequently it is not so important a manure as formerly. The 
oomposition of this product is very variable, according to the 
methods of inanufaclure of the siigui’ refineries, As the char dust 
(revivificatiijii) waste comes always from the sui’face of the granules 
of black, and as these parts are the most attacked by the hydro- 
ohlorio acid used to purify it, it contaius an important pro|X)rtioTi 
of carbon, but less phosphate of lime, than the granular black. 


S«e note 1, p. 188. 
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Moreover, it containfi much sand, None the less, it is in much re- 
quest for the manufacture, of superphosphate, because it can he 
treated without any previous preparation. Spent char contains 26 
to 75 per cent of phosphate of lime, 1'6 to 15 per cent of carbonate 
of lime, and up to 1 per cent of sulphate of lime. Spent char dust 
contains much loss of these substances. As the granular char re- 
moves nitrogenous impurities from the saccharine juices, it also 
contains up to 1 per cent of nitrogen. Some analyses of animal 
charcoal, both before and after its use in the clarification of syrups, 
are given in Table LI. 


TAULK iA.-ANAiASEB OF NKW AND USED AND SPENT BOSE 
CHAR. (riERRE.) 



yitrciRed 
Per cent. 

Carbon and 
Organic 
Matter, 
Per cent. 

Ptlusphate 

of 

Uiine, 

Per cent. 

Carbonate 

Pur oeiit. 

Various 
Con- 
st! tnuiiLs. 
Per cent. 

Charcoal, tine, new , 

I'la 

ll'd 

?3-l 

8-0 

7-3 

„ onec used , 

1-95 

21'1 

64-6 

6-4 

7-9 

Obnreon,!, fine, new , 

I '22 

11'3 

72’2 

3-3 . 

10-5 

„ once used , 

2'H3 

32 '0 

53-7 

4-9 

9-4 

,, twice used 

3-59 

42'2 

46-0 

3-3 

8-5 

Oharccfl], fine, new , 

l()i 

ll’O 

T.'if) 

7-0 

13-4 

„ once used , 

2'l>4 

3(5-2 

()2'(> 

10-0 

10-1 

„ twice used 

3'18 

42-0 

1 

47-6 

i 

4-.5 

3-2 


Bene Ash } — The immense' prairies of South America support 
nuinerous henis of cattle ; .1000 head of cattle per inhabitant can 
be counted in many of these countries. The animals arc 
slairgbtered for theh boms, their skins, and their fat. The flesh is 
rarely utilized for human food. It is left to rot, or even as food 
for wild animals. The bones are dried and used as domestic fuel and 
in the tallow snioltcrica, sugar factories, etc. , for other fuel is scarce 
in these districts. It was in that way that from 100 to 200 years 
back hillocks of bone ash accumulated near dwellings for which, 
till a short time ago, no use was found oven as a manitre. But owing 

^Bone sish iBveryba.r(l and diflfiunlt to grind, besides it is always wet by 
iibeorgtion of moisture apparently from the air, and is best dried on the eogiae 
steam boilers, over whinh for the time iwing it ants as a non-conductiug Eom- 
pobitioD, Rone ash yields an excellent superphosphate with about 40 per oent 
of soluble phosphate and 1 per cent of insoluble. It is someliDisB a little 
bit difficult to dry, but it takes kindly to the kiln. The manure manufacturer 
keenly feels the want of supplies of this most valuable product. A cheep 
machine that would bum spent chat to bone ash cheaply and rapidly would 
supply a great want and enable spent cba.r to fill the place of bone ash, which it 
cannot now do, as its colour debars it. Bone ash superphosphates, it is needless 
to say, never letrogrades.— Tii. 
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to the fiQflcmoiJsextftnsior of the use of chemical maniu’cs, the value 
of these ashes has been bettei' apiji'eciated, They ate sold to out- 
ward bound ships, who purchase them as ballast, As they are in 
the piilveruient state, bones are also mixed with them, as in 
that way they are less enmhersome. 

The unceasing detnand for this excellent waste by chemical 
mamirs factories has diminished the stacks ; on the other hand 
bones are utilised to better purpose, the result being that Ixtne ash 
has now alniost disa}jpearecl from the market. Five samples ot 
l)one ash analysexi by Voclcker had the. following composition : — 


TAhLE rJI,-SH()WJN« THE COJiroSITION OP FIVE KAXIPLHS 
BONE ASH. (VOELCKEIll 


■ Water 4-BS I 

Organie matter , . . ; 4-0<i j 

I PhoBplioric ftoid . . ; ] 

I Lime 44-ij7 

I Lime not combined with 

phosphoric acid . . ■ 

. . . . i ()-y7 ■ 

Alkalis . . — 

Oxide of iron and silica 'i . i 
Cavhoaio acid . , / . : :!'0L 

Snlphniia acid . , ' . ; 

Sand ; (j-Sti I 

; 100-00 

Phosphate of lime . 70-6o : 


1-70. :J-03ji 

sH-fS!) : ;»K-i2 , ' 

so-so ; ;I7-S4 ! 44-47 ^ .■i4-4« | 

;V47 I 107 : 4-4:; ! 1-02 i 

fl-!)7 ■ 1-4HV ’ 1 

I i 0-84 i ! 

I 0-21 b 5-(:7 4-40 I 

0-7H ! 0-84 ! 

I 0-37 j 

S-,31 i 6-50 : i ai) t»4 

100-00 100-00 100-00 ^ 100 00 

73-42 ‘ 70-40 ; 82-00 j 04 04 


By picking out the hig lumps, -w’bich consist nf almost pure hone 
sish, a product containing about 85 per cent of phosphate of lime is 
obtain^. The fine pow'dcr which contains almost all the sand is, 
natur3.11y, less rich in phosphatp,, Bone ash is chiefly used for 
making precipitated phosphate of lime, aoeording to the method 
already described. They are worth about £3 per ton. The com- 
position of bone ash corresponds to tlie following foimnla • 

Cag(POj-2 + [rAg(POJgOaOCaHPOJ 

but 2 to 3 por cent of CaO are replaced by MgO, K^O and Na^O and. 
4 to fi per cent of phosphoric acid hy CO^, Cl and F. 

Manu/aaiure of Precipitaled Phosphate afLme . — Precipitated 
or basic phosphate of lime is a bye-product of the manufacture of 
glue. Lf hydrochloric acid be poured on fat cxtitJOted bones, it 
13 
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dissolves the phosphoric acid contained therein. An acid solution 
is then obtained of phosphate of lime, and as a residue the osseous 
matter, ossein, the gelatine of which is extracted by boiling, for- 
merly, the acid solution of phosphate of lime was not considered of 
any v.alue, and to get quit of it, no better outlet could be found for 
it than to run it into the river, But now the phosphate of lime is 
recovered by precipitating its solution by caustic lime. Unfortun- 
ately, the manufacturers are not careful enough in working; the 
phosphate of lime which they put on the market often contains 12 
to 15 per cent of carbonate of lime, or of caustic lime, and a 
large proportion of chloride of lime [? calcium chloride], which 
renders it less fit for manure manufacture. The analysis of one 
of these products furnished the following results : — 


‘.rABLE LIU. -ANALYSIS OF PEECIPITATED PHOHPHAXE OP LIME. 


Fer ee.id. 


Water and organic matter 

26 '20 

Phosphate of lime . 

03-50 

Phospliate ol magneuia 

3-17 

Phosphate of oxide of iron 

5-30 

Sulphate of lime 

2-07 

Carbonate of lime 

0-88 

Chloride of enloiiiin , 

3-50 

Lime , , . . 

U-46 

Potash 

0'31 

Soda . , . ' 

0'2',) 

Insoluble . , , , 

5-42 


of whinh nitroRfin, S'fiS per nent. 
pbosphoiLO acid, 28 per cent. 


inn-00 


Lately the manufacture of phosphate of lime in glue factories has 
boen perceptibly improved, a[id the product put on the market Is of 
better quality, I'recipitated phosphates of lime are also made from 
phosphates unfit for making superphosphates, and from bone ash, but 
in these cases the impurities contained in the raw material, such as 
oxide of iron and alumira, are likewise dissolved, and remain in the 
product.'' 

The manufacture of precipitated phosphate, of lime consists, as 
already mentioned, in denomposing phosphate of lime by hydrochloric 
acid, and in, separating the chloride of calcium after the equation — 
+ 2HC1 SCaHPO* + CaClj 

The phosphoric acid is precipitated from ila solution by milk of 
lime. The neutralization must be done with care, for it only 

*Th6 antihoc Rives no explanaticm lieie ol why he should select the potest 
materiftl, snoh as Iwneash, to make pienipit,n,t,ficl phosphate, and then go io the 
opposite eitreme to select the most impure, so impure that they cannot be 
used to make even rirdinn.ry siipRiphosphate. llie aiialyeis given is certainly not 
of one made from bone ash, The phosphate 6i icon content again is too high 
to be made from bones even if indieutefi by the 2-68 per cent, of nitrogen.- -Ta. 
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requires a slight excess of limfi to form an insoluble phosphate— one 
part PjOj requires 0-4 of CaO, as the following equations show 

CaH.fPOj’^HjO + CaO + H,p = Ck,H „(PO^).2Hp 
CaH,(r0j2H,0 f 2CaO ■ = GaaPp^SHp 

To prepare the acid phosphoric solutions, a wooden vat is fitted 
with a raechanifial agitator also of wood. No mcclinnical agitator' is 
required working with bones. The bones .'ii'e covered completely 
by an 8 per cent solution of hyilrochlonc acid, and left in contact 
for two to three days. All the mineral matter is dissolved, whilst 
the ossein, a white soft substance, remains undissolved. The 
benzine fat-extracted hones decompose more easily than steamed 
bones. The decomposition is ascertained to be finished when a 
hollow bone placed at the surface. as a sample is soft and supple, 
and shows well the chamcterislics yl swollen ossein. The solu- 
tion is then run off through a tap in the bottom of the vat, the 
ossein is washed with the smallest possible amount of 4 per cent 
hydrochloric acid, and the liquid is collected in a tank. The 



F) 0 . 37.— Plant for Manufactm't; of Precipitated PhoEphitB of Lime. 
dc cha^^x = Milk of Lime, llac d» pr^eip.inhfm = l-’mcopitfition Vat. 
linf. coikekw = Gollaoting Vat. lAmjut = I'crnp. 


wash water is used afterwards to dilute the strong hydrochloric 
acid, that is why a more method ica,! extraction is not pursued. As 
to the quantity of hydrochloric acid, a little more than the theo- 
iifttical quantity calculated on the lime must be used. When the 
phosphate is finally ground, solution is effected in ten to fifteen 
minutes ; it is pumped into ii filter press by means of a pump with 
lead armature, The phospbatic solution is collected in an open 
lead'ILned vat, not too deep, in which it is neutralized by milk of 
lime. To precipitate the Ca^H^PO^, railk of lime, in quantity just 
sufficient to neutralize the free IICl, is added, the IICl used, 
and the phosphoric acid content of the substance must be known, 
then one molecule of CaO for each molecule of (JaH,PjOjj. For 
this purpose there is installed on a level with the top of the 
neutralizing val, a second lead-liued vat fitted with a tap 15 cm. 
above the bottom, in which a milk of lime is prepared, which is run 
into the rieuLraliziug vat, care being taken to stir the mixture in the 
latter. To make sure that enough milk of lime has been added, a 
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sample is fiitci'cd fi’om time to time, and tested with molybdate, or 
phenol phthftlein in the ease of Ca^PjiOg. To work in a con- 
timions fashion, two neiitralimTig vats are installed heliiw the milk 
of lime vat ; the latter is then fitted with two delivery pipes, which 
are closed when need he by a cork sloiDper, When the contents 
of one of the vats is being neub-ativ^ed, the second is being filled 
with phosphate solution from the filter press. If excess of milk of 
lime be added, it is easy to remedy it by imnning in phosphate 
solution from the other vat. Einally, there is 'infitalled below the 
neutralizing vats a pit or collecting vat into which the neutralized 
soliitioTt rtinfi through a pipe fixed in the bottom of the two afore- 
said vats. To neutralize the solution as exactly as possible, a milk 
ol lime of 15“ B. = about 16 per cent CaO is used, of wliicli enough 
is added for the solution to remain faintly acid ; when the liquid is. 
clarified it is decanted from the precipitate, and the neutralization 
finished apart. The first prex;ipifa.te is the second is. 

partly Caa(P 04 )''*, From the collecting vat the neutralized material 
is drawn by a suction and propelling pump and forced into a. 
Phillippe’s washing filter press ; the pi'ecijiitate is freed fjoni adherent 
calcium chloride by washing with water, followed by steam washlug- 
The precipitate filters well. The cakes extracted from the filter 
press are dried at a temperature of 60“ C. (140“ P.) ; at tlie maximum,, 
best in the steam drying machine. 

They are converted into a fine friable powder containing 30 to 
40 per cent of P. 2 O 5 , At a higher temperatme the Ca 5 Hj(P 04 ) be- 
eomes slightly soluble, (Formation of When local facili- 

ties lend themselves to it, the vats aie installed in such a fashion 
that they run from the one to the other. The last filter press for 
the precipitate is then at a sufficient height for the cakes to fall 
directly into a truck, which convoys them to the drier. The pre- 
cipitated phosphate is soluble in a solution of citric acid. The- 
manufacture of this product has been the object of numerous re- 
searches and several patsnts.^ 

A precipitated phosphate manufactory requires 

1 ball mill. 

2 agitating vats, 

10 filter presses of il50 litres (55 gallons). 

5 pumps. 

2 lime vats with stirrer's. 

2 collecting vats. 

1 atcam dryer. 

4 pits with agitator, 2 metres x 2 ^ metres. 

’ I'he wliolti subject was covered and ezhauated, the filter prese excepted, 
by the nomerous Britieh patents of the ’sixties and ’aeveritiee.— Te. 
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MANUl'/^CTUIlE OF DASIC SliA(J. 

A Retmiject. 'M (Hance.—lri the early days of the applieatioii of the 
Thomas and Gildmst process, the Irasic slag froin the dephosphoriza- 
tioii formal a oumbei'sotne ballast. Gi-adually the idea came to use 
it as a manure, but agmiiomists did .not, at first sight, coma across 
the true method of utilizing this waste. They imagined, l)y analogy 
wibli mineral phosphates, that it would be necesKiry to cause it to 
undergo a similar conversion as the lattcj'. But looking to the 
uatui'C of the slag itself, one would not dre-am of convei’tiiig it into 
superphosphate. Precipitated phospliate of lime was therefore made 
from it by iSchei bier's patent, which was put on the market aa 
ThonKDi preetpUak either alone or mixed with nitrate or ammonia. 
This precipitate, prepared by the Fertilitaa Company, tested 32 to 35 
pei’ cent of phosphoric acid, of which 80 to 90 per cent was soluble 
in citirate. In May, i88o, The Anglo-Continental Co. took up the 
sale of tihe new product, but in spite of the suppoi’t of this powerful 
company, Thomas precipitate did not have gi'eat success, looking 
more especially to its high price. At the same time, G. Hoyczuiiann 
and Heinrich Albert comnjenced researches to determine the fertiliz- 
ing value of the basic slag in its natural state. Hoyennarm engaged 
a cerLain number of farmers of the province of Hanover to spread 
finely ground basic slag on marshy lands and meadows. On his 
part, Heinrich Albert, who liad for a long time recognized the solvent 
role of the acids elaborated hy the roots of plants, devoted several 
years to the study of the action exerted on phosphates by weak 
solvents. He lomarked that peat finely ground and kept very moist 
constituted a somewhat energetic solvent for phosphate, lie ap- 
plied his methods to basic slag and obtained excellent results. In 
1885 the agricultural station of DaiJustadt enlenid tlie same field, 
and in its turn made cultural experiments with basic slag, thanks 
especially to the financial support of the. syndicate of German manure 
maiiufactm-ei's. These expei'irnenta ^verc continued for several years, 
and in 1889 Dr. Paul Wagner published the results obtained. 
Nevertheless, itianiire manufactui'crs themselves remained sceptical, 
and only two of them consented to deal with the metallurgical firms 
for the supplv of biiHio slag. Their hesitation will he readily under- 
(197) 
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stood if one thinks of the great difficulties which they had to sur- 
mount, from a technical point of view, to reduce the slag to a fire 
powder, and to obtain with a material at that time of ^ery varying 
strength a maikctahle product of uniform strength, When, later 
on, the soinhility in citric acid was adopted as the method of 
determining the fertilizing value of basic slag in powder, it was again 
Hoyeamaun who, working from his own data, suggested the addition 
of silica, in the converter, as a means of considerably increasing the 
solubility of the phosphoric acid. It is thus that, through appar- 
ently insurmountable diflleiiltiee, basic slag became a precious 
source of phosphoric acid for agriculture, Its comparative cheap- 
ness, its content of lime and silica, and the good results which they 
give on meadows, peaty soils, sandy soils poor in lime, have caused 
basic slog to he used in all intensive culture countries. It no longer 
forms, as previously, a useless and cumbersome ballast, but a pro- 
duct of great fertilizing value, the consumption of which increases 
from year to year. 

Origin of Bask Slag . — Up to a comparatively recent epoch, good 
steel could only he obtained by using ores exempt or almost exempt 
from phosphorus. A proportion of 0'2o of phosphorus sufficed to 
render the iron brittle in the cold. These sort of ores had become 
more and more rare, wlidst there existed abundant deposits of 
phosphorous ore. The attention of metallurgists was, therefore, 
hound to turn in the direction of the latteivand it was necessary to 
try to utilijie theuj. 

It is to two young Englishmen, Thomas Gilchrist (V) and I’erey 
Gilchrist, to whom in 1879 the honour of this discovery, which was 
to revolutionize the manufacture of steel, is due. It did not enter 
into ordinary practice until after five or six years of efforts, va,ried 
tentatives and numerous and delicate trials. It is uow the basis of 
the manufacture of the greater part of steel. The Thomas proepss, 
as it is called, has a double advantage : it enables an excellent steel 
free from phosphorus to be obtained whilst utilizing the phosphorus 
ore; and on the other hand it gives as a secondary product a fertil- 
izing material, the use of which, in agriciiltiive, has assumed a 
rapid and considerable extension. Let ua now examine rapidly the 
manufacture of the cast’ iron, then that of the steel which yields the 
slag. The ore conveyed to the ironworks is smelted in blast 
furnaces which reach to about 65 feet in height by 20 feet in width ; 
it is there laid alternately with layers of coke, and there is added, 
according to the nature of the mineral, calcareous or silicioua uiattei- 
which forma what ia called the cmlinc or erbue. The object of this 
lining is to deprive the mineral of any argillaceous or calcareous 
gangue present, and to obtain finally, in consequence of the de-oxida- 
tion and of the partial carburation of the ore, as a useful product 
cast-iron, and as residue, a lighter substance floating on the top 
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cOQStituiitig the slag, which contains the major part of the impurities 
fiomhined with the casUne, 

As tio the gases which escape in consequence of this de-oxidation. 
they are collected and their heat utilized, either to heat the air which 
enters the blast funiaoes to a tempeiuturc of 750“ C,, or to produce 
the steam necessary to drive the blowing engine, or finally to pro- 
duce electricity. The eiiargiug of the blast luruaec is douc con- 
tinuously through the top, and its discharge through the bottom 
(about every six hours). The temperature of the lower zone where 
the molten iron frees itself by difference of density Iram its floating 
impurities is about 1200° G. The slag is utilized industrially for 
making bricks, cement, etc. Tjet ns see what becomes of the cast* 
iron, which at this point is still phosphorusetted, as the following 
analysis taken aa an example shows : — 

'PAnLE LIV.-ANALYSIH OE CAST-IRON SHOAYINO PHOBTHOBUS 
CONTE JNT, 

Per mii. 


Iron 91-20 

Ciirbon It -60 

Phosphorus ^*75 

Mftgnesifi 3‘20 

Silicon 0-2.5 


100-00 

The converRion of the cast-iron into steel is done in special pear- 
shaped appliances, movable routid a horizontal axis, and made of 
steel lined with i-efraetoi 7 stone. These appliances, termed con- 
vertors, are in the Thomas process lined in the interior with lime 
and magnesia. They are open on the top and pierced lu tlie lower 
part by holes through which air at a high temperature can be blown. 
To charge them they are turned around on their axes to an angle of 
90° and the liquid east-iron is run in through the upper opening. 
Then the pear is raised at the same time that air is driven through 
the lower holes at a, suffleient pressure for the fused -metial to remain 
in the convertor and not pass through the holes. Under the in- 
lluenee of the higli tcmpcratui-c prevailing in the convertor, and of 
the air injected, the silicon, the sulphur, the phosphorus are burnt 
at the same Lime as a part of the carbon, TIjc heat which is dis- 
engaged inside the coevertor is such that the metal, which bad at 
the moment of its in trod notion a temperature of 1200°, rises to 
2i00°, all within thirtemi jiiijjutes. Tlie phosphorus is oxidized and 
is converted into ortho-phosphoric acid, and as it is in the presence 
of excess of lime, it combines in ,1 peculiar form tetrahasic phosphate 
associated with calcium silicate and forms what is called basic slag. 
When the operation is finished, which is ascertained by the appear- 
ance of the gas given off from the top of the convertor, the latter is 
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inclioed oti its axes, and the current of air is sus^jended and the 
liquid slag floating on the east-iron is poured into a, metallic truck 
forming a case and^contaming a certain quantity of finely pulveri^ied 
fused silica. The weight of the slag in one of these trucks may 
reach 4^ tons and even more. The whole is conveyed on rails to 
the spot where it is to be handled, and after cooling, facilitated by 
sprinkling, with water, the mass is removed from the tniok and 
discharged into a crushing shed. 

Thj}. Nature of Basic Slag . — Basic slag occui-s as more or less 
bulky blackish fragments, porous, strewn with tablets of steel and 
of great density. It slakes in the air; the caustic lime absorbs 
moisture and ‘carbonic acid and the ferrous oxide oxidizes, Con- 
trary to an opinion expressed at first, the absorption of carbonic 
acid decomposes the tetrabasic phosphate. In the porous part of 
the slag trail slncid crystals are met with, rhombic tablcttes, hexagonal 
prisms, and monoclinic needles 10 to Ifi mm. long, of a gi-ey, brown 
or blue (produced by FeO) colour intermingled or ranged symmetri- 
cally. These ciystals consist principally of tetrabasic phosphate of 
llrae, Ca^PgOg. They have been the object of very interesting re- 
searches, the principal points of which will now be summarized. 

T&traphosphate of Calcium, — Ua,^P209 may be regarded as being 
the neutral salt of an octobasi® diphosphoric acid P^O(OH)g not yet 
produced in the free state, the structural foiiijula of which would 
he the following : — 


0 


and that of the eorreftpoudinf> 
tetra calcic phosphate 


0 


y 

p 


i 



The presence of this compoimd in basic slag has been deteniiiued 
by a great n limber of scientists, so that there can be no doubt as to 
the soundness of the hypothesis enunciated above. The small blue 
oryistals which arc found in the paste, and more especially in the 
geodes of the slag, were studied from a crystallographic point of 
view by A, Richard, who refers them to the orthorhombic system, 
and notes amongst then’ properties a strong double refraction and 
a very marked dichroism, the same crystal appearing colourless or 
a beautiful cobalt blue in two rectangular positions. Prof. Carnot 
at this time termed these crystals silico phosphates of lime and gave 
them the formula PPjSiOjSCaO. In the same year ililgenstock 
examined the other crystals. He found in the scorim of these, crystals 
in the form of thin rectangular tablets colourless or of a light brown 
according to the thickness. He placed them in the rhombic system. 
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He recognized their composition as that of a tetobasic phosphate 
•of lime Ca^PjOf, or PgOiCaO. This analysis having given rise to 
certain discussion', it was again taken up by Carnot on llie one hand 
and on the other by Stead and Bidsdale. They found : — 

TABLE LV.— ANALYSES OF CltYSTAI.S OF TETEABASIC FHOSFHATE 
, OF LIME FOUNB LN BASIC SLAG. 

Carnot. Stead a7id Hid^dah-. 

Per cent. Per cent. 

37'67 :-)«-044 

0’74 t,r't*K 

5y-54 ()0-’20f5 

tiacBn 0 - 82 a 


u-4 i I 

0-722 

— 0-l.W 

011-70 100-0-50 

These results confirm the formula of teti-abasic pliosphate of lime, 
besides the two forms of crystals described. There wore likewise 
found brown or almost colourless needles of a hexagonal form . Their 
analyses give the following figures : 

TABLE LVI.— ANALYSES OF HEXAGONAL CRYSTALS FdCNI) IN 
BASIC SLAG. 


Fho spheric add 
Silica 
Lime . 
Magnesia 
Ferrous oxide 
Aliiinina 
Vanadium oxide 
Sulphur 


' Phosphoric acid , 

Silica 

Lime 

Magnesia I . 
Maugaiious oxide 
Ferrons oxide 
Ferric oxide 
Atnmina . 
Vanadium oxide 
Sulphur 


j HilRBnMtock. ,1 

I IVr cent, [ 


H'l-fll 
3-24 
57 -no 


4-(10 


Bucking and link. I Heart. 
Pei cent. | Per uent. 


.36-77 33-707 

3-81 3-000 

5.8-51 ' 53-636 

0- 40 0-486 

— f>-m 

2-22 1-286 

1- 78 4-8.57 

1-011 — 

- 1-343 

triiiieR ^ 0-460- 


9fl-73 i)U-68 i 100*365 


The differences which exist fictween these analyses are explained by 
the difficulty which tliere is in isolating the crystals from the im- 
purities which remain partially adhere.nt thereto. Stead and Kidsdale 
have in fact distinguished two other vai'ieties of crystals, black flat 
iiccdlca, some of which are magnetic while the others are not so. 
They have found the composition to be as follows 
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Feeding RaRin Sla.g into Ddl Millfi. (View from abavp,.) 



Handling of Ground Rasio Slag. (Bagging-up in m kilos (220 lb.| load-sealed bags.) 
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TABLE LVn,— ANALYSES OF BLACK NEEDTiKS, MAGNETIC AND 
NON-MAGNETIC, FOUND IN BASIC SLAG. 


Lime , . . . 

Magnesia . 

Alnmina 
Fcrriu oiide 
Perrons oxide 
Manganous oxide 
Chromium sesquioxide 
Vanadiiiiti oxide 
Silica . . . . 

Phosphoric acid . 


Magnetic. Non^Tnagnelic. 

39-088 14-730 

1- a97 0-U3I) 

8-400 9-700 

33-857 35-fi57 

8-100 — 

L748 1-023 

5-980 4-200 

2- 656 2-223 

1-100 0-900 

traces 0-740 


99-826 100-109 


According to these authors, these crystals -would therefore consist 
chiefly ol Eerrite and of aluminate of lime. The analyses of the blue 
-crystals give : — 


TABLE LVllL — analyses OF BLUE CRYSTALS FOUND IN BASIC 
SLAG. 



Cxmot. 
Per cent. 

Per cent. 

Rnckin;^ and Link. 
I’er cent. 

PhoBphorie acid 

29-65 

30-85 

31-19 

Silica 

12-42 

9-42 

9-47 

Lime ..... 

53-20 

57-60 

57-42 

Magnesia 

traces 



traces 

Ffirronfi nxije .. .. 

1-80 

2-94 

0-95 

Manganous oxide 

tmcBs 

_ 

i “ 

Alumina 

2-76 



1 1-13 

Sulphur 



j traces 


^ 99-83 

100-81 

1 100-16 

i 


These figures correspond exactly with the formula— 

8PA. BSiOa, 36CaO, EeO, Aip^ 

By replacing small quantities of oxide of iron and alumina by 
equivalent amounts of lime, a more simple formula is arrived at, 
PjOj, SiOjS, UaO, which may also be written — 

P^Ofi, 3GaO + SiOs, 2CaO 

Hilgenstock and Carnot have examined the ordei- of formation of 
the crystals, and both have cxime to the same conclusions. 

The first crystals which are formed appear to be the rectangular 
tablets on which afterwards come the brown hexagonal needles. It 
is only later that the rest of the slag, becoming richer in silica, iso- 
lates the blue and brilliant crystals. These are superposed by the- 
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brown and hlj,ck nsfidlsR. The order of appearance seems, thercfoie, 
regulated both by the gradually decreasing temperature and by the 
coinpoBitioA of the bath of slag which becomes richer in silica and 
less rich in phosphoric acid. Cultural experiments have been made 
with the object of examining the action of certain elements of basic 
slag. They will be exammed further on, 

SoluMlity ()/ Haw. Slag . — Formerly basic slag was reganled as 
a product of no value, because theie was no means of dissolving it, 
owing to its high i^ercentage of iron and lime; neither any mors did 
any one dream of utilizing it in agriculture, Irecause they knew 
very well that raw phosphates possess no direct fertilizing value, 
Sobeibler suggested the preparation from the basic slag of a pre- 
cipitate, German patents 24,13(1 and 2b, 020. For that purpose he 
treated 100 parts of basic slag in powder with 120 to 160 parts of 
hydrochloric acid and precipitated the phosphoric acid by milk of 
l ime. Francke recomiriended the decomposition of basic slag by 
magnesium chloride, German patent 97,106, and to convert, the 
phosphoric acid into phospha,tH of magnesia. G. Meyer, on his part, 
signalized the tirntment of fused basic slag with its own weight of 
acid sulphate of potash. The silicate of potash ought to give still 
better results. The oliject ul all those treatments was to facilitate 
grinding on the one hand, and to increase the fertilizing value of 
the basic slag, by dissolving it, on the other hand. But up till now 
no steel- works has felt it advi«tble to rssoi-t to these mixtureB, though 
the manipulations which they suppose in no way hinder the pro-’ 
gross of the manufacture. The last-mentioned process would, how'- 
cver, appear to have the advantage of suppressing the unpleasant 
part which the spreading of basic slag now presents. All the pro- 
cesses which have besn suggested to increase the fertilizing value 
of this manure need not be dwelt upon here, besides they liave not 
been adopted iu actual practice. It was first of all asserted that 
the phosphoric acid of basic slag, looking to its origin, was less 
soluble than that under any other form, but V, Bois and Arens, 
amongst others, showed that phosphoric acid combined with the 
silicate nf lime was soluble in carbonated water. It is from these 
researches that the use of basic slag in agriculture dates, 1 he results 
obtaiusd by these two are given in the following table (p. 209); the 
figures of this table show the great solubility of basic slag in water 
satunrted with carbouio acid compared with that of the other 
phosphates. The decumpusition of tetraphosphatc of lime takes 
place according to the equation— 

+ CO, = Call/rO/ + 3CaH,(CO/ + H,,0 

There is thus formed an acid phosphate of lime such as is also 
found in siipcrphosphakiH. The solubility of basic slag in citric acid 
and in citrate of aunaonia and also in tartaric, acetic and oxalic 
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acid has been the subject of jDrofonrid .researches by E. Jeugejj 
wijicij Jir6 of so JTlllc/j ^/iG ^TCSii/BT lutsiwi i)6C3,US6 ^hc solubility in 
the same fiolvents oi the Gaharoous gi7rcates Always pvesant in basic 
slag were determined at the same time. Jenseh's researches were 
mode on basic slags of very different ages and origins for eoroparison. 
He detoi-mined the_ solubility of both Podolia phosphorites' and 
Somme phosphate. The method pursued consisted in mixing each 
time 1 grm. of the substance with T50 c.o. of the solvent concentra- 
tion. 1 in 20, exposing the mixture during twelve hours to a tempera- 
ture of 50 to 70” C., then to dilute the solution in 100 c.c. of water. 
The liquid was heated to boiling, filtered to separate the insoluble, 
ignited, and the phosphoric acid titrated in the usual way. The 
differenee in the contents of the different elements in the reeidue on 
the ono band and the raw material on the other hand, gives the 
quantities dissolved by the organic acid. Jensch operated on eleven 
samples of Imie slag reduced to a tine powder (1 to 11); three 
samples of crystals of raw slag (12, 18, 14), A sample of Podolian 
phosphorite (15) and a sample of Somme phosphate (16). The follow- 
ing table (p. 210] gives on the one hand the content of the substances 
examined in silica, lime and phosphoric acid, on the other hand, the 
quantities of phosphoric acid dissolved by the different solvents, also 
the coiitesiinal amounts remaining imdissolvc-d in the residues. 
These figures show tlmt the phosphoric acid behaves perceptibly irj 
the same manner in basic slags containing more than 18 per cent of 
that acid as in those which only contain it in small proportion. 
Thus it is that rich basic slags in current use in agriculture only 
contain 0‘1 3 to 0'20 insoluble in citric acid, whilst low strength 
basic slags only contain 0'04 to 0'14 per cent. The solubility in 
oxalic acid yields equally concordant results. That acid dissolves 
tetracalcic phosphate and only gives a slight residue of hisoluble 
which consists probably of triealcic phosphate. The crystals sepa- 
rated from the basic slags (12, 18, 14) show a still greater solubility. 
The other organic acids used in this series of cxpcrimcnla act leas 
energetically on the phosphates of basic slag ; however, here again a 
cca-tain uniformity can Ixa established between the solubility of the 
different phosphates. 

The silicates, which are highly basic, although of a comjiosition 
often very variable for the same origin, are distinguished by their 
solubility in the organic acids, a property which is absolutely awanting 
in the silicate compounds of the natural phosphates, phosphorite, 
apatite, etc. It follows that the degi’ec of solubility of the phos- 
phoric acid of basic slag depends on tho nature of the calcareous 
silicates contained therein. Again, if the fragments of basic slags ' 
sliow a uniform crystalline structure, tliat is to say if they are de- 
prived of agglomerations of caustic lime, v^^bich are sometimes ob- 
served therein, their content in free lime will be very small and will 
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rarely exceed 2 per cent. Bet the more these calcareous agglo- 
merates are. present, the higher will be the free lime conierjt. It 
is true that that lime not being corobincd chemically with the 
phosphate, but iu a state of sirnple mixture, and up to a certain 
point as impurity, cannot exorcise any inllueuoe on the solubility of 
the phosphoric acid iu the soil, for those bodies can ouly act as 
solvents which are of a nature to modify tlio clremlcal nature of 
another body. The neglect of this prineiplR has led some authorities 
to-aseribe to the unoomhined lime in basic slag an importance 
which it absolutely does not possess. What determines the solubility 
of the phosphoric acid iu basic slag is the strongly basic caJuai-eous 
silicates with which it is combined, 

Tile magnesia likewise forms with tlie [ihosphoric acid a tetra- 
phosphate, but the solubility of this body considerably exceeds tlie 
solubility of the correspoiidiog calcareous compounds. Basic slags 
rich iu magnesia dissolve much more rapidly in organic acids than 
those iu which magnesia is absent. The action of citric acid on the 
slags shows that the magnesia is chiefly combined with the phos- 
phoric acid and not with the silica. It is perfectly possible, and in 
all cases very likely, that the action of phosphoric acid of basic slag 
in the soil depends, in the first bstauco, on the presence of these 
Bilicatea, We would thus be confronted with double compnunds, 
phosphates, and silicates of calcium which are dissolved with the 
greatest facility by water' containing carbonic acid, hence, therefore, 
the solution of the phosphoric acid and its abaorplion by plants 
follows. It has been remarked, in fact, that the most active basic 
slags are always those with a high percentage of silica. Steel works, 
therefore, possess a very simple and iu no way costly inethnrl of in- 
creasing the solubility of liasic slag in citrate; it suffices to add hot 
sand to it in the convertoi, the sand melts like butter, is converted 
into silicic acid aud combines with the phosphate of lime to increase 
its solubility. It is clear, in that case, that lime should not he de- 
ficient in the slag. Silica, therefore, plays a very iinporlaut rolo 
in the basic slag. CaSiO^ converts the slightly soluble phosphate 
of the slag into Ca 4 P.j 09 according to the following equations : — 
GajfPOj* + Ca,SiO, - Ca^P.O^, + OaSiO.^ 

Fe3(P0i)® -t- SOa^SiO^ - Ga^rp^ -l- 
The introduction of an excess of silica helps to decompose Ca^PPg 
afresh. There exists in Germany a factory which makes basic slag 
with 2i per cent of phosphoric acid according to Scheibler's patent, 
German patents 34,iI6 and 41,303. A little less lime than that re- 
quired by the complete dephosphorixation of the cast-iron is added 
to tho convertor, and the slag so obtained run out. The remainder 
of the lime is then added, and the low strength slag which results 
is used as a reducing substance in the convertor. To increase the 
strength of the slag in phosphoric acid, phosphated chalk may also 
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he added to the cast-iron in lieu of lime, eventually mixed with 
sand. Fused pliospliatic olialk has the same solubility as the beet 
slags. {CaCOg melts at 1000° C., the phosphate at 1900° C.) 

CrusJwtg of TiOMO Hlo,g . — In the beginning of the basic slag 
industry it was very dilTiculb to crush. Cylindrical crushers and Uiit- 
stone in ills were used at that time. But as the basic slag is mixed 
with, grains of steel of larger or smaller size, the plant was rapidly 
worn out. Attempts were then made to eliminate the pieces of 
iron in the basic slag by means of magnetic separators. But these 
methods did cot give good results ; the separation of iron was incom- 
plete and the cleaning of the machines involved frequent stoppage. 
Prom 1888 mills with forged steel balls, the wear of which is very 
slight, have been used. Ball milla, moreover, almost entirely do 
away with dust, owing to the installation of a special chamber in- 
tended to collect it, and of a draught chimney which draws it 
thereto. The hot air entering the draught chimney entrains the 
dust formed in the crusher ; about 1 per cent of dust is got for 100 
of fine powder. When fans were used— useless with the present 
system — 6 per cent of dust was obtained. The dust chamber is 
emptied every eight to fifteen days, according as the work is by 
day or both by day and by night. Tlie blocks of basic slag are first 
broken up by hand to eliminate pieces of iron, which arc laid on one 
side to return to the foundry. The basic slag so obtained is then 
reduced to a fine powder (passing through a 100 sieve) in hail mills. 
The powder Is collected in the lower part of the mill and bagged up 
iu 2 owt. (220 lb.) bags. Formerly the basic slag was allowed to 
slake in the air, and the fragments after eliminating the iron were 
ground in flatstone milla. But basic slag slaked after long ex- 
posure to atuiosphci'ic agents sometimes contain excessively hard 
pieces, resisting the most forcible gnnding; this method was aban- 
doned. The treatment to which the basic slag is subjected as it 
comes from the convertor has a considerable effect on the grinding. 
V. Reis has examined the composition of basic slag and its cuq- 
catenabioQ with its resistance to grinding. From an outward in- 
spection there are two kinds of basic slag, block slag and poured 
slag. Block basic slag is got when it is allowed to solidify in the 
wagons into which it is poured from the convertor. It then cools 
slowly and unilormly, and may be removed in a single block which 
is easily detached from the platform of the wagon. Fonred basic 
slag is obtained by pouring the contents of the wagon on the 
ground. It spreads out iu a thick layer and cools rapidly. This 
kind of basic slag is generally veiy hard; its gnnding is difficult 
and requires a great expense of motive power. Basic slags in blocks, 
on the contrary, are more easily ground, but they also contain very 
hard lumps. The following table by Reis gives the composition 
of different slags and their resistauiie to grinding : — 
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TABLE LXI. - EFFECT OF COMPOSITION OF BASIC SLAO ON 
FACILITJ OF OaiNDIKC.* 



I. 

r.. 

III. 

IV. 1 V, 

VI. 

vn, 

Silica 

ti'77 

1G'41 

fi'fi') 

4-68 

8-07 

6-00 

7-07 

Phosphoric acid . 


11 '73 

17-75 

19-25 

18-48 

i8-S1) 

22-50 

Ahmina 

1-68 

1'58 

0-95 

0-59 

1-40 

1-97 

0-80 

Ferric oxide 

O'fifi 

U)-41 

3 -70 

5' 14 

.4-45 

2-87 

5-27 

Perrons oxide . 

10 '77 

10‘S5 , 

i 10 '(JS 

12-49 

10-19 

11-43 

6-49 

Lime , 

51 '00 

Sl-OO 

46-42 

46-17 

46-47 

50-77 

47-90 

Manganous oxide 

7'IG 

U'fll 

7-71 1 

1 0-29 1 

9-.95 

7-28 

7-81 

Magneoia . 

3'in 

2-08 

9-05 

2-HB 

2-«3 

1-57 

1-07 

Crushing . 

dilHcult 

easy 

easy 

less easy 

diffleulf 

dimcult 

easy 




I. Poured slag, dark brown, hard and difficuU to grind, 

If. BInnk slag, gray, lamellar, friable, easily ground. 

III. Block slag, slate grey, firm, and easily ground. 

IV. Block slag, grey, firm, vesicular, less easily ground. 

V. Poured slag, dajk brown, hard, brittle, difficult to grind, 

VI, Block slag, brown, hrittlfl, hard, difficult to grind. 

Vir. Block alag, grey, lumpy, difficult to grind. 

It follows from these figures that in general the chemical ooin- 
position of basic slag has only a slight oll’cct on its physical pro- 
perties, whilst the percentage of oxide of iron would appear to 
increase their resistance to grinding, as the following table shows : — 


TABLE Lm-SHOWINa THE INFLUENCE OF THE RATIO OF THE 
PEROXIDE OF IRON TO PROTOXIDE ON THE EASE OF (iKINO- 
INO OF BASIC SLAO. 


Basic aiiig. 

Fei-oxide nl Iron. 

Protoxide of Iron 

Katie iif KcjOj tc Fef). 

Uviadins. 

1 

0-9f> 

10-77 

1:11-2 

Difhculi 

2 

10-41 

10-5.5 

1: 1-0 

easy 

S 

5-70 

10-G.5 

1; l-» 


4 

5-14 

12-49 i 

1 ; 2-5 

less easy 

.5 

8-45 

10-19 1 

1 ; 3-1) 

difficult 

6 

2-87 

U'4B 1 

1:4-0 


7 

5 '37 

6-49 

1 

1: 1'9 

easy 

— 


When the ratio of the peroxide of iron to the protoxide < 1 ; 3 the 
basic slag is generally easily ground, especially whou the peroxide 
of iron is in prepondeiant proportion, but when it is the protoxide 
of iron which predominates the slags are hard and difficult to grind. 
It is important to watch the siavea around the crusher, and see that 
they are working well, so as to bo able to remedy any delect forth- 
with, With this end in view, the basic slag produced each time 
* The tvanslatoi' has tranBijnead the figures relating to lime n tul raaEgaoese. 
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by four crushers is carried to a weighing icaciiine manipulated by 
a man of trust ; the latter registers the production of each eruslier, 
takes a small sample from each bag which he examines by the feel 
and the sieve and runs it into a box installed for the pur^joee, or 
each chief grinder weighs his product aaid is himself responsible for 
the good execution of his work and its bagging up. Then the sacks 
are carried to the depot. As in the slack season orders must be 
executed from stock, it is necessary to use very sound and carefully 
sewn bags and to preseive them full in a dry place, because ground 
basic slag, owing to its high lime content, ie apt to solidify in a damp 
place. The. moistened powder cakes and ca,mccit he rendered Iriahle. 
by ignition as one might suppose ; it only becomes harder. The 2 
cwt. bags {2m Ib.) measure hO x 90 cm. (say 20 x 36 im). Evea 
in using sound bags some of them rot when stored full. That is 
why basic slag is stored in iron silos. 

It has already been mentioned that the cooling of basic slag is 
aco-elerated by quenching with water. Tliis work is not without 
danger. When basic slag solid on the outside liut incandescent 
inside is exposed to the shower of water, this may penetrate into 
the inside of the block by cracks and crevicca ; it is converted 
into steam which occupies a volume 1600 times groater at 0“ 0. and 
7500 times greater at 1000'' C. When such atcam is given off in- 
stantaneously a very small quantity of water suffices to cause an 
explosion. It may also happen that a block of basic slag still liquid 
inside may have an escape, which is particularly dangerous for the 
wurkuieu, It is necessary therefore to draw their attention thereto. 
Tinally, gas may form inside the basic slag without exterior aid, 
which, in virtue of its tenaiou, seeks a veiit, aud not finding any 
causes the block to fly away in pieces. When a crusher has to be 
repaired, and if the repairs cannot be done on the spot, it is con- 
veyed to the forge on a rolling crane or on a truck lunnlng on rails. 
Crushing being a work which requires to he continuous, they are 
not stopped except for dinner at noon, otherwise they work 
: continuously, the workmen replacing each other at lunch time. 
During the dinner hour the luachlues are inspected aud tlieibearings 
lubricated. The grinding plant should be simple. Owing to the 
peculiar nature of the substance being ground, conveyors and 
mechanical feeders are not applicable. A crusher of 2 metres 
{64- feet) can produce 15 tons in 10 hours of ground basic slag, when 
the basic slag is fresh cooled and not too hard, P. Mellman, of 
Berlin, Gera an patent 107,234, projects a jet of steam or air into the 
liquid basfic slag at the moment it is discharged by the conveTtor. 
The basic slag then hecoines friable, and is very easily ground. 
The basic slag in blocks is sold to the griudlug factories according 
to their percentage of phosphoric acid. The delermination is 
generally made on the powder produced during crushing, supposing 
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that they possess covord and very dry warehouses. On the other 
b&nd, thft vendor takes a Uock by BVipping off a 

, fragment Arith the hammer and takes a fair average sample at the 
end of each month, The sample is crushed, mixed, and divided 
into three parts ; one part ie sent to the buyer, the other to the 
sender, and the third is sealed and kept in resei-ve as a basis of 
settlement in case of difference. The exchange of analyses on both 
sides is made on a certain day, and the average is taken as a basis 
when the difference between the two analyses does not exceed 0-5 
per cent FoO^. If the differenee be greater, the sample in reserve 
is sent to an analytical station agreed on by both sides, and the 
analysis which it supplies forms the sole basis of adjustment, The 
cost of the analysis is borne l)y the party whose analytical results 
are furthest from those of the analytical station . If the analytical 
results on both sides differ to an equal extent from the experimental 
station, the costs of settlement are defrayed equally by both parties. 

Basic slag Is delivered to fanners without being mixed with other 
manures. If it he mixed with potash salts it heata and gradually 
solidifies ; the caustic lime acting on the magnesium chloride forma 
magnesinm oxychloride, which is a powerful cement ; if mixed with 
sulphate of ammonia, the caustic lime acts on the ammoniacal ’ 
nitrogen and causes loss. Finally, if mixed with nitrate, the nitric 
acid may be reduced into amraoniai hy iron, in the form of a fine 
powder, and the ammonia expelled by the caustic lime, 

Cwstows' in the Sale of Basic Slag . — From 1 July, 1895, 
according to a decision of the Assembly of German Agricul- 
turists, basic slags were sold on the basis of their phosphoric acid 
soluble in citrate, without taking into account their total phosphoric 
acid, nor the degree of fineness. 

But in its General Assembly held In 1898, the Onion of Experi- 
mental Stations decided no longer to use "Wagner's citrate of 
ammonia solution. It, moreover, found that steel works, to increase 
the solubility of their basic slag in citrate, were adding to the cast- 
iron not only silica, hut more lime. The effect of this was to 
increase the alkaline nature of the basic slag, and tho Union esti- 
mated that this inci'case in alkalinity justified the selection of a 
solvent of greater acidity in the estimation of soluble phosphoric 
acid. The 2 per cent solution of citric acid forms in fact a more 
accurate method than citrate of auioionia for basic slag prepared 
according to this new process. But Professor Wagner estimates, 
that the 2 per cent citric acid solution dissolves 7 per cent of P^Oj 
moro in basic slag, that is to say, it shows 16 per cent of soluble 
phosphoric acid where the old method only showed 15 per cent. 

There is at the present time a tendency to value basic sl^ on 
the basis of its total phosphoric acid content, according to cultural 
experimeots made on the subject l?y Moissl and Uefevt in Austria. 
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Remarks on the Use of Bask Slag . — It is not intended to 
examine here the nse of hiRio slag on vegetation ; that examination 
will find its place better in a special work just published by the 
author. The remarks made here will therefore be confined to a 
few points more immediately connected with the study of basic 
slag. 

Guffroy, an agricultural engineer, having taken in hand re- 
aeaxebes as to what fertili?;ing action the silica and the manganese 
had in basic slag, isolated, as well as could be done, the blue crystals, 
silieo-phoRphate, and the brown eryatals, tetraphoaphate, examined 
above and cansed them to be analyzed in Professor Gi*andeau’s 
laboratory, The following are the results : — 


TABLE LXm.— ANALYSTS OF RTiUE AND BROWN CRYSTALS IN 
BASIC SLAG. 


Jlrotcn Crystah. 
Per tent. 

Total phoRphoric acid . , 21 '71 

Lime 48-88 

Silica MR 

Manganese calculated to the 
metallin ptate . . . 2-40 


Blvr Crydtth. 
Per cent. 
20-28 
61-52 
5-17 

1-86 


Trials were made : — 

1. With a basic slag of kuown composition. 

2. With a basic slag presenting the same composition, and of 
which the phosphoric acid was furnished by crystals of tetra- 
phosphate and siJico-phosphate of natural liasic slag. 

3. With an artificial basic slag, where bv using at one time 
only tetraphosphate, at another time silico-phosphate, there was 
got:— 

(<t) A basic slag deprived of silica. 

(b) A basic slag containing little manganese.. 

From the comparison of the resnlrs obtained it was easy, 
consequently, to infer the action of the ingredients, manganese 
and silica. The first researclies were made in collaboration hy 
Guffroy, Milon, and Crepeaux. They have been summarized by 
the National Society of Agriculture.' 

The plants experimented on were buckwheat, wheat, and violet 
trefoil. From this first series of experiments there is deduced the 
double efificacy of manganese and silica, in basic slag Ktoile brand. 
The second series of experiments, the results of which are not 
published, were made by Guffroy and Milon alone, on wheat, 
buckwheat, and hemp ; at the same time the violet trefoil of the first 


J Bullet, dela Soe, National d’Agrie., 1605,” pp. 473-83 ; “ On the Feitili?,* 
iag Action of Certain Anooseor^ Products in Basic Slag 
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experiment was kept under obseiTatinn. The result of these experi- 
ments may be summarized thus 

1. Apart from its phosphoric acid, lime and magnesia, Etcile 
basic slag has proved efllcjauious by its manganese and silica, 

3. Manganese from an agricultural jxiint of view ought to be 
regarded as an important constituent, influencing both the quantity 
and the quality. 

d. It seems that silica, at least in the condition under which 
it exists in Etoile basic slag, also acts in the same direction, but 
that its action is weaker, less decided, and requires to be further 
studied to be established in a general way. 
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NITBOGEN’OnS MANURES. 

The most widely distrihiited tiitrogenous maun res are nitratie of 
soda {Ohili saltpetre) aud sulpLialc ol ammouia, A third class ol 
piu'ely nitrogenons manures is that represented by animal waata 
These (latter) products are of considerable agricultural importance, 
although the manure trade does not seem to take them sufficiently 
into account. These three fonns of nitrogenizod manures are not 
only differentiated by their chemical coinpositloc , but by their mode- 
of action in the soil. They form therefore throe distinct classes, 
which will now he examined. 

Nitrate of S’odo..— Nitric acid compounds have been kno-wn for 
a long period, Tt is probable, according to flerapath, that the 
ancient Egyptians used nitrate of silver to make their inscriptions 
on the bands in -which they wmpped their dead ; it is the same 
chemical compound as that known as inferual stone, whicli. is 
used to mark linen and the skin. So far hack as the eighth 
century of the Christian era, Gcber and Marcus described a body 
which they called sahpetra, which corresponds with saltpetre, with 
nitrate of soda. In the twelfth century, Eaymond Lulle called this 
body salnitri Since then the term saltpetre has been usod to 
designate nitrate of potash, whilst nitrate of soda is called Ohili 
saltpetre, or nitre, in (Ureat Eritain, 

Nitric Acid ooiiaista of nitrogen, oxygon, and hydixigen ; its- 
chemical formula is HNO^ Tt thus contains fourteen parts of 
nitrogen (2iiJ'2 per cent), forty- eight parts of oxygen {76'l9per cent), 
and one part of hydrogen (1’59 per cent). It forms a very caustic 
fuming liquid (attacking organic matter, strongly burning the skin). 
In the concentrated state it has a density of 1-52 (104'’ Tw,), but 
the conamerctal acid is generally much weaker: D = T20 to 1‘4 
(40° to 80” Tw.). It decomposes easily. It gives up a portion 
of its oxygen to oxidi^ahle bodies, such as carbon, sulphur, sulphur- 
ous acid, and then passes to less highly oxidized states. Metallic 
ainc reduces dilute nitric aicid, and converts it into nitrate of 
ammonia, With bases it forms salts, -which with the exception of 
some basic metallic salts, are soluble in water. Nitric acid is formed 
almost exclusively by the oxidation of ammonia, or of nitrogenous 
matter of animal origin, under the action of the air in presence of 
(218) 
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bases (carbonate of lime), However, this spontaneous fonnation 
ia the soil is very slow in our climate. It is, on the obiter hand, 
very rapid ^in Southern eountrles, Bengal, Hungary, Spain, where 
the conditions of temperature and of moisture in the air conduce 
considerably to the oxidation of nitrogenous aiiinial matter. 

For a long tame these countries vrhei'C nitrates exude spontane- 
ously from the soil, and cover it with a layer like hoar frost, alone 
supplied Northern Europe, up to the time when they succeeded 
in maldng mixtiiros of soil to produce saltpetre. This industry was 
conducted in saltpetre fields. Iiiitiestone, marl, washed wood ashes 
were mixed with animal matter, urine, dung, stow, etc. Heaps were 
made, which ware left to themselves in the open air for nearly a 
year, frequently turning them. When the earth was ready, that 
is to say enriched, it was lixiviated. To eliminate the lime from 
the liquor obtained, it was treated with wood ashes, and clarified, 
and evaporated to obtain saltpetre. That method, which requires 
much work and only gives poor results, could only be applied in 
countries which, deprived from communication with the south, as in 
time of war, ware obliged to live on their own i-esources, as France 
and Geniuiuy were during the continental hlocui. This method, 
therefore, was abaudoued. 

But the sources of saltpetre indicated above barely met the 
wants of industry ; agriculture could not profit. ^ The discovery 
of an importaut deposit of nitralfi of soda in America, the working 
of which was commenced in the years 182n-2H, enabled the wants 
of agriciiltui'e to be met. _ , 

Chili Nii/raie of Sod<x.— South American nitrate of soda js dis- 
tiii^^uished, more especially from oifiinary saltpetre, hy the fact 
that its acid is combined with another alkali, jn Tudiau saltpetre 
it is combined with potash (KNO.,), whilst in Chili saltpeire it. is com- 
bined with soda (NaNO-J. It is met with in the Pampas of Peru, 
of Chili, and Bolivia, between 19'' and 27“ of south latitude, tt 
abounds especially in the province of Tarapaca (formerly Pomvian, 
now Chilian) and in the desert of Atacama. The nitrous imneral 
caliche, or terra salilroui, occurs as a layer of 1 to fi inches thick 
under a liod of conglomerate, consisting of sand, feldspar and 
pebbles, amalgamated by a cement conaisUng of clay and ditleront 
salts forming a bed 20 to HO inches tiiick. Its colour vanes from 
grey to brown. The conglomerate bed is sometimes awantmg, ao 
that the mineral crops out at the surface. 

The ediohe is never pure nitrate of_ soda. It containa mixtures 
of nitrate of potash, common salt, iodide and bromide of winm, 
alkaline sulphates, sulphate of lime mixfid_ with awd It only 
ooutains on an average 25 per cent of nitrate. Picked pieces 
contain more. The following gives the percentage m tutrate ot 
diBerent products : — 
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TARf-K r-Xrv.-SHOWING COMPOSITION OF OALIOnB, 

Saltpetre, Comvim Salt. 


Pi»' fmt. ?’«• 

Yellow Balt, pure Imrd, with umall cryutals , , 77‘ll 12-9 

Yellow salt, pure porous soft, with large cryslals . 65'7 28*12 

Yellow ' aliche, veined with biOTO . . . W'?:) 32*(I2 

White caliche, haul and with small (iryntals . 6l}*50 14*30 

White caliche, [wrons and large oi'ystals . . 68*03 28*12 

Brown caliche, porous and large cryfitn,Is , . 80*80 20*70 


Opinions differ as to the iiietUod oE lonuailiori of this deposit, 
which occtipies a surface of about (50,000 hectares (say 150,000 
■acres) and contains alwnt 170,000,000 tons, dilliirer’s is the most 
likely theory ; he believes that the nitrate is formed from the nitrogen 
of guano dapoBits, which covered the shores of a great soda water 
lake by a process analogous to that to be seen in Hungary in our 
own time. The soda salts of the sea water would simply convert 
the saltpetre into nitrate of soda. This opinion has in its favour 
all the facts and circumstances met with in the deposit. Moreover, 
traces of guano are still found in the crude salts. To extract the 
crude salt a hole is dug in the ground 50 cm. (20 in.) in diameter; 
■whon the saltpetre bed is reached a chamber 90 to KX) cm. (35 to 
10 ia) in diameter by 30 cm, (say 12 in.) deep, and 150 to 2()0 kg. 
(3 to 4 cwt.) of powder inserted. By exploding the powder by 
means of a fusee, a considerable surface of the deposit is laid bare 
often on a radius 10 metres (say 40 ft.) from the hole. The 
cnidft salt is hand picked, to eliminate stones and fragments of less 
value ; it is charged into baskets or into trucks, which camels trans- 
port or drew to the melting workshop. To dissolve the crude 
caliche throe kinds of apparatus are used, viz. : — 

1. O'pe.n CaU~ir<m Vann^Parndas . — These are heated by naked 
fires, Two pans 2 metres in diameter (6 ft, 6 in,) are used for one 
furnace. Well water or water from a previous opei-ation is run in, 
then it is charged with caliche or crude saltpetre reduced to pieces 
the size of the fist. When the solution is concentrated enough, it 
is run into cases or boxes, where it clarifies; it is then decanted on 
the top of the dep6t and rim Into iron or wooden crystallizers; 40 
per cent of crystals is thus obtained and 60 per cent of mother liquor. 

2. CijHudrical Vertical Pans—Maquims—lheiti are heated by 
direct injection of steam, They are 3 to 10 metres (20 to 33 ft.), 
with a diameter of 4 to 5 metres (13 to 16 ft.). Each of these pans 
yield.? in twenty-four hours 46 to 148 tons of saltpetre. The 
clarified solution is poured into wrought-iron crystallizers 4 to 5 
metres (say 13 to 16 ft.) square and O'rO metre (say 20 in.) deep; 
crystallization lasts three to four days. The steam given off con- 
tains an important amount of iodine which can be avoided by an 
addition of .soda. 
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3. liaated h\j a chicd tubvlar humUe- {/ steam ef)'d\ 

which ha-ve been iuti'oduced by the British and Germaa companies. 
These vesseJe measiu-o II metres (30 feet), 1'85 metre {(i ft,} wide by 
T85 metre (6 ft.) high, into which the mother Jiqiioi’ and the wash 
water are run and heated to l:)oiUng, tlien six trucks of perfomted 
wfought-iroa containing about i tons of caliche. The nitrate dissolves 
in the water whilst the residue remains in the tracks. To hasten 
solution the liquid is agitated hy injection of steam and of hot air 
under each truck by means of a Koerti rig’s injector. Tills plant 
works more economically than the preceding. At the same time 
the solutions so obtained are more pure ami more concontniterl. 
To get a ton of nitrate requires 3 tons oF caliche. The crystallized 
nitrate is left to drain, then it is dried in the open air. Nevertheless 
it always remains slightly moist owing to the presence of chlorides 
of calcium, of magnesium, and possibly also of nitrates of calcium 
and magnesium. It crystallizes in rhombohedra, and has a dirty 
reddish' grey appearance, due to its oxide of iron content and to 
bituminous substances. The residue left by the solution {ripio) still 
contains from 15 to 3n percent of NaNO;,. It is boiled with water 
and a weak solution of IS to 4.5” B. obtained, which is utilized to 
dissolve a fresh charge of crude salt. Tiie muds from the clarifica- 
tion are treated in the same way. According to 1>. Eangliein, 
lliey contain G7T of common salt and 27'3 of nitrate of soda. 

Chilian uiti'ate of soda, such a.s dispatclicd from tho spot of pro- 
duction, has the following composition : — 


TABLE LXV.-.4N'ALYgIS OF CHILl.AN -\1TB.\TE OF EODA. 

Pm- ce,t\L Per 

Nitrate 0 1 KoUa IFI'O 15'Sl .N. 

Common salt t 

Potassium chloriik 'Flit 


Kodium. suipiiate 
Sodium iodide 
MagnesiDm chloride 
Water 

Boric acid . 


0-!t' 

0-asi 
Odiii 
1 •:!() 




Better equipped factories supply nitrate of the following average 
composition : — 

TABUi LXV [.-ANALYSIS OP BETTEH QUALITY NITBATB OP SODA. 


Per cent. 


Nitrate o£ soda . 

t)6-IXI 

Common salt . . . 

1-00 

Solublr, Biilphato of soda 

0'50 

Insoluble . . . . 

0'35 

Water , , . . 

a-i}A 


] 00-00 
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Comrao!! sa/i and soluble suipbates may be eliminaied by washing 
with cold water and by ocntrifuging. The content in nitrate is 
evidently not alvrays constant ; it generally varies between 90 and 
100 per cent, which corresponds to a strength in anhydrous nitric 
acid of 57 ‘11 t) 63 '5 or of 14 ’8 to i6'4 per cent of nltitigea. In 
Great Britain the fraction which goes to make up 1 00 per cent is 
regarded as relractioii, so that a nitrate of 5" of rofrafetion means a 
nitrate of 95 per cent strength, This remark: is important, so as to 
understand market repoi’ts. On diiierent occasions chlorate and 
perchlorate of potash have been foutid in nitrates. Now these sub- 
stincfts are liable to spontaneous combustion, besides they are 
injurious to vegetation. The presence of perchlorate is attributed 
k) the negligence of the workmen who have omitted to cool ths 
solution of caliche in the pan and have set it aside to crystallize in 
the hot state. This perchlorate may be extracted from the anbstance 
fay the method which was the subject of German patent No. 125,206. 
But since the disastrous effect of perchlorate on vegetation has been 
recognized and the nitrates which contain it refused, manufacturers 
have been more careful, and penihlorate is now only rarely met with 
in nitrate. 

One hundred parts of water dissolve of nitrate of soda at 
O" 10" 2(T 30" 40" 100" 121“ Boillug-poliil of the solution. 

. 71 78 88 98 109 178 234'8 Parts. 

The specific gravity of nitrate of soda is 3‘2dd. 

Nitraic of Potash . — A compound of nitric acid with potash has 
no interest but for industry ; it is too dear to bo used in agriculture, for 
up to now it is only made from Chili saltpetre and potassium chloride. 
It forms in itself an excellent manure, seeing that it contains not 
only nitrogen but also potash in a very pure form. Lately, however, 
important deposits of nitrate of potash have been discovered in South 
Africa, especially in the neighbourhood of Mabelstadt, andof Peliska 
in Cape Colony. But these deposits do not appear to be exploited. 

Before term mating this subject, mention may he made of a 
nitrogenous manure put on the markot in 1874, which has given 
good results. It is a, double nitrate of potash and soda ; it contains 
in 100 parts, according to Maercker ; — 

TA8LJ!; LXVII,-ANAT,TSTS OF A DOTIBLK KIT If ATE OF TOTAOII 
AND SODA. 



V ^ t 

ir. 

nei cent. 

in. 

Per cent. 

Nitrate of potash .... 

34 'IB 

41-7l:t 

ll-oi 

Nitrate of soda. 

62'22 

55-27 

83-94 

Commoa salt ..... 

2’fi7 

(>•57 

3 '43 

Water 

0'46 

1-67 ' 

2-03 

Therefore— 




Potash 

15 ’93 . 

19-47 - 

5-31 

Nitrogen 

U-89 . 

15-05 . 

15'24 
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Storing and Handling of Nitrate . — Nitrate of sotla is marketed 
in the original sacks {catch- weight) weighing 120 to UO kg, (264 to 
308 lb.). U forms a mixture of crystals of different ^es. It also 
draws moisture from the air ; when it is preserved in sacks they rot 
after some time and tear with the slightest pull. When the sacks 
are emptied, one part of the material, always moist, remains adherent 
to the fabric, from which there results not only a Joss of matter, as 
also a loss of sacks, as these gunny bags then become uuntiliaable 
and are liable to catch fire. 

■Nitrate of soda is often culoci'cd yellow by the presence of chi'O- 
mate of ptesli or violet by the presence of nitrate of manganese. 
The presence of nitrate of potash or of magnesium chloride renders 
it deliquescent ; hence arises loss by the drainage of dissolved nitrate ; 
that is why the- hags are lodged on beds of plaster or clay which 
absorb the liquid. But it is best to spread the nitrate intended lor 
mixing In not too warm a place. Tim l)ags are washed with tepid 
water, and the solution is added in the manufacture of superphos- 
phate which has to be mixed with nitrate,’ or it is concentrated in 
a paoc. Gerta.in manufacturers content themselves with beating the 
bags free from the adherent salt, if the nitrate ought to be em- 
ployed alone it is screened and the lumps cnislmd in a (larr’s dis- 
integrator, or in the toothed roll crusher, Jt is dried in the old 
phosphate drier. However, if it be stoi’ed for a certain time in a 
plaee that is not heated, it gradiuiUy boeonics moist. In consequence 
of the risk of fire, the building in which nitmte is stored should be 
isolated and built entirely of iron,- 

Produetm of Nitrate w UI(J7.— The exports authorized by the 
eyiidlcate of nitrate of soda manufacturers of Chili, rose to 2,050,000 
tons for the year 1 April, 1907, to 31 March, 1908. Of these quantities 
1,750,000 tons had to be delivered before the end of the year 1907, 
and the remainder, say 300,000 tons, in the months of January, 
Eebniary and Mai-ch, 1908. Now these exports made from April to 
December, 1907, only amounted to 1,225,000 tons. The cause of 
this decrease lies in the first instance in the labour crisis. The 
Chilian labourer more fit than any other to work under the torrid 
aun of the Pampas, is as improvident as he can he. He only works 
when he must do so to live, and as wages aa-e veiy high in nitrate 

1 This nitrate liquor if used up iu wkI mixing oi manures might aid drying, 
but it would aU be oouverted into sulphate uf soda. U poured on te a f.niBhed 
anperphospbateit would fiouvertitintoa wet i»Bte, and after spoiling the majnirn 
no credit would be given by the anflrlyBt for the nitrogen.— TR i 

*lf sulphnrk aeid be made in the manure worie, as is often the ease, the 
amount of nitre rw}uired for the pyrites burners should he fetched daily from 
the store referred to in the teat. The supports of the ohamhera are of pitch 
plue, and if uitre bags full or empty heat in the neighbourhood of the kilns or 
ehambers the latter run the risk of bnins: completely burnt down. Storing mire 
In the original hags is bad managemout. They are far too heavy and clnmay 
to be lugged about by one man, -To, 
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factories he only works a few days, and Uien rests under such condi- 
tions; the factories work very in-eguJavly. The present prices arc 
about 10s. lOd. a cwt. The rise in the price of nitrate -which had 
Ijeeu discounted by the syndicate of manufacturers will always be 
limited by competition with sulphate of ammonia. The latter, in 
fact, after experiments made by Kraus at Weibenstephan, should 
produce the same effect as nitrate, with this difference that it acts 
more slowly. 

Amnioniacal Salts . — Ammonia is a compound of nitrogen and 
hydrogen, according to the foimula NH,„ and forms a decomposition 
product of mtrogeinzed organic matter. It ie a gaseous body, giving 
off a characteristic pungent odour. It ie very soluble in water. 
The solution is generally known as ammonia. It has an alkaline 
reaction, and turns red litmus jiaper blue. Under the influence of 
the oxygen of the air, ammonia is partially converted into nitric 
acid. It forms salts with acids, by combining with these acids to 
form a metallic radical NH^ which is ammonium. Thus Hulphate 
of ammonia is formed according to the equation ; — 

H.SO, + 2NH, = (NH,),S0, 

and ammonium chloride according to the ecpiation : — 

HCl + NH3 - NH,C1. 

All ammoniacal salts give off ammonia when they are placed in 
contact with aik3,liftR or caufitic lime. Ammoniacal compoundR are 
very widely distributed in nature, hut always in small quantities. 
Then’ presence has been determined in the air and in rain water, 
also in the juice of almost all plants. Ammonium chloride is found 
in salt springs, in volcanic emanations ; carbonate of ammonia in 
large quantities in the guano deposits of Peru, Bolivia, and Chili, 
and the western part of Patagonia. The principal sources of 
ammonia for industry and for agriculture are certain substances of 
animal origin (bone, meat, blood) or vegetable (coal, peat), wliich, 
submitted to dry distiliatLon, give off the greater part of their nitrogen 
as ammoniacal compounds. 

AmjMQia is, likewise, obtained by the distillation of faecal 
matb^p(l^^presence of caustic lime and by the treatment of gas 
(wash) liquor, fjeft to stand, urine putrefies; the uvea is trans- 
formed into ammonia, which treated by caustic lime yields 
ammonia and carbonate of lime. Ammonia is also found in the 
smoke of factory chimneys and in coal soot ; the latter may even 
sometimes he utiLzed as a manure, as the following analysis by 
Hutton of Glasgow of coal soot shows;— 

P^!r mii. 


PotaBh 0'30 

Phosphate ol lime 3‘20 

Ammonia 2*80 

Equal to nitrogeo 2'30 
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Formerly, ammoniacal salts were ma^Jo solely from matters of 
animal origin. They were ebu'red into retorts which were heated 
to incandes'cence, the vapours given off heiog egodeusecl. The car- 
bonate of ammonia thus obtained was collected and purified or 
oombined with acids to form different salts. The proceaa is still 
applied in the maiiufaelure of small quantities of sal-ammoniac, hut 
solely as a bye- product In the manufacture of animal cliai coai. The 
<!alc] nation of the hones is done after two different methods, The 
one, the older, consists in cljarging the raw material in vessels 
placed in a furnace in stages so that one serves as a lid to the other 
underneaih. The vapours given off during combustion, the details 
flf which need not be dwelt upon, escape outwards by the chimney. 
The other method consists in calcining the hones in a cast-iron re- 
tort analogous to that used in distilling coal. The gases whicli, are 
given off are collected and condensed. The products of the con- 
densation contain among other useful substances ammonia, which 
can be extracted by distillation and convertied into sulphate of 
ammonia. But, as already observed, bone black is no longer used in 
sugar facto idos. With the disappearance of Itone black, the bye- 
products, especial ly ammonia, also disappeared. The most important 
source of ammorjia is at present coal, the percentage of nitrogen in 
which varies from 0’5 to 1-h per cent. Tho extraction of ammonia 
will therefore be studied in the following older : (1) In the niatiu- 
facture uf gas; (ii) in the m.aniifacfiu'c of coke; (3) in tho blast 
fumacfis, and (4) in the gasogene ovens (Mond’s process, Bourgeois 
■and Leucauchez’ process). 

Mmufacture of Si!i})ka.te of Avmonia hy of Gas 

l/iquor . — When coal is distilled, the nitrogen which it contains 
passes partly into the tar as complex products (aniline and its 
analogues) aod partially in the form of ammonia in tbo illuminating 
gaa. The ammonia is climiaated from the latter hy washing with 
water, According to Itoscoc, only 14’5 per cent of its nitrogen is 
■obtsiined from coal as NH.(, 35'26 pm' cent is lost as free N, 
whilst the coke retains 48 to 08 per cent, This low yield of 
amraonin, Is due to the facility with vvhich this gas is do'wn’.’poscd 
fat a temperature of 500° C., Bamsay and Young), This loss may 
be avoided by preventing the gas in the retort from coming in con- 
tact with the boated sides. According to Beil by, _ this desired result 
is obtained by distilling coal' with steam. By this inetbod as much 
as 50 to 56 kg„ say 110 to 123-2 lbs., of sulphate of ammonia per 
ton of coal may bo obtained. Gas liquor consists in reality of a weak 
solution of ammonia, carbonate of ammonia, sulphide of ammonia, 
cyanide of aimuouia, and sulphate of ammonia, Its nitrogen con- 
tent varies considerably, as the following analysis by Arnold, in 
1889, shows: — 
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TABLE LXVirL-ANALYSIB OE GAS LIQUOR PROM COALS OF 
DIFt'EEENT ORIGIN. 


OOfl litre of Ra» liquor ooutains 
till) following iiigre<UeDte in 
KTammen, or llifi j^lona roiv 
t-uns In lbs. 

Liqnar from Uie Coat of | 

Zwickau. 

Zwickau. 

La RhQT, 

LaSaare. 

Tm Saare. 

Told ammoma 
Hyposulphite ut ammo n in, 
Sulphide of ammouia 
RifliLTbonate of aurnionia . 
Oarbouate of ammouia . 
Sulpliato of (numuuiii 
Ammoniam chloride 

12'09 

I'OyS 

li'340 

1-050 

4-5C0 

0-462 

30-495 

9-40 

1*628 

0*646 

1-4T0 

7-680 

0-858 

17 -ISO 1 

18-12 

5- 032 

6- 222 
2-4,50 \ 

33-120 J 
: 1-320 \ 
j 3-745 f 

1, 5-2.3 

3- 072 
2-468 

,33-763 

4- 022 

3*47 

6*206 

1*4*28 

6*856 

1*026 


According to LLc same author, the ammoniaea,! liquor from a 
British gas works contained in grammes per litre (lbs. per-lOO 
gallons) : — 


TABTiR LXIX.— ANALYSIS OF BHri’ISH GAS UQUOR. 

joCT' 100 ^aW«)!{». 


Ammoma 20'45 

Sulphnr totn-l 3*02 

Ammonium sulphide . 3*03 

Ammonium carbonate (NH^j^CO., . 30'16 

Ammonium cbloridc .... 14'33 

Rhodanate of ammonia ... 1-80 

Sulphate of ammonia .... 0*19 

IlypoBulphite of ammonia . . 2’80 

Aumiuiiiuin fcrrocyanide . . . 0'41 


It will be seen from these analyses that carbonate of ammonia pre- 
ponderates ; its percentage of ammonia chloride is likewise high. 

Prodiiction of ArnTnonia in the Manufacture of (Joke . — If in the 
very beginning of illumination by coal gaa steps were taken to col- 
lect the aminonia produced dn the purifying of gas delivered for 
consumption, it was not so in the manufacture of coke, where this 
body was for a long time totally rejected, The coke industry, 
as it is now conducted, yields products identical with gas. The first 
attempts at recovery of the ammonia were made by Stauf in 1764 in 
a Saarbnick foundry. But it was not untU 1858 that Charles 
Knab constructed at St. Denis the first ptaut that gave good re- 
sults, introduced by Carves at Comm entry in 1762. It was erected 
in 1866 at the Bessegea Porge, then in 1879 at Terre Noire. In 
1882, Simon of Manchester improved the Carvis coke oven by 
recuperating the heat to reheat the air to fiOC" C. or BOO" Cl. The 
shape of these ovens was completely altered. Knab’a ovens, wide 
and flat, heated under the sole only, and earbonusing at a low tem- 
perature, hive -been completely abandoned to give place to Carvs, 
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Simon- Carres, Otto and Semat-Soivay ovens, high, nmow, long, 
carbonizing rapidly and at a high temperatm-e. The fiu-uaoes 
actually m use may be divided into two classes : — 

], Those which are only a modification of kbo oidhiary coke 
oven, wheie the heating ia effected hy the admission of air into the 
interior, and burning a part of their carbon as fuel (Jameson, Aitken, 
Ijuhrraann types). 

2. Those in which air is not admitted into the intorior, the heat 
being applied on the outside by the combustion of the gaa which 
escapes during distillation, and alter separation of tar and ammonia. 
Almost all modem coke ovens belong to this class (Hoffmann Otto, 
Simou-Carvca, Hauer, Hussener, Semct-Solvay, etc., types), Here, 
in a few words, is the geneml principle followed iu coke ovens of 
the present day. All are built, apart from numerous details, in such 
a manner as to have a hermetically sealed chamber, from whicli the 
gas distilled from the ooal is aspirated mechanically without admis- 
sion of air. The gas afterwards passes through condensers, cooled 
on tho outside by air or water, where they deposit the greater part 
of the ammonia ami the tar; the small remaining portions are. de- 
composod in the scrubbers (coke columns). The residual gas is then 
led to the ktyey-M which heat tho retorts, and inflamed by means of 
a current of hot air iasning from the recuperators. After having 
accomplished this licatiug, tho residual gases pass into the heat 
recuperators, Certain German coals yield ii'5 kg. (25*3 lbs.) of 
ealphate of ammonia. By tha Semet-Solvay ovens, as much as 7 to 
17 ifg., say .15 to 37'4 lbs., of sulphate of ammonia per ton of coal 
distilled are obtained. 

The working of these ovens is regulated by various conditions. 
The ooal iutiuducod into the oven ought, to give a good coke, to be 
instantaneoiisiy submitted to a very high temperature, and the 
calcination ought to Iw eondnnted rapidly and witlioul stoppage. 
That is why the. heat is transnutted by as thin ovens as possible, as 
in the Semet-Solvay oven, in the Hoffmann Otto oven the gas 
given off by distillation escapes through two orifices in the arch of 
the oven and passes into gas reservoirs placed above and across the 
ovens; then it is lifted by aspirators, and drawn through pip«» to 
Gondensers and washers, in which the tar and ammouia is deposited. 
Freed from these two substances tlie g.afi is brought back through 
another pipe, under the sole of the ovens. The inflamed gas follows 
alternatively vertical flues, ascending one half of the flues and 
deBoendiug the others. In the Semet-Solvay system the flues in 
which the gas hurna, and which generally are fitted into the main 
flue, are liere independent, and consist of retorts with their encased 
sides the one in the other, and forming a complete and tight circuit. 

' The HoSmann Otto is 10 metres (say 40 f«t) long, 0'4 to O'G mefrte (ray 
10 to 24 innhflfi) widB, by 1-70 metres fsay 5 fwt H iacbes) high. The Seniel-Solvay 



228 CHMMIOAL MANUKES. 

The fiarv^R, the TamariB, thfi Terre Noire, anH Eftseege ovens> 
produobg together about 300 tons of coko per day, yield 0 tons of 
tar and 2 to 2'd tons of sulphate of ammonia. 

The advantages of recuperation become more and more evident, 
and in spite of the expense which the installatiori of unoh plant 
involves, many mine proprietors have not hesitated to build similar 
Ovens, 

The working of a battery of four coke ovens entails a siipple- 
mentary staff to work the gas-extractor, and to keep in order and 
clean the reciipe ration appliances. The cost of the Semet-Solvay 
furnace, refractory masonry v/ith lining, oven discharger, diRcharger 
flue, water piping, etc., is £241) sterling. The extractor, pump, and 
recuperation appliances cost £140 sterling. Each ovon takes 
tons of coke; the operation lasts about twenty- four hours. The 
HolTmfi.nn Otto takes a chs,fge of b to b tons. The use of these ovens 
has extended very rapidly in Prance; there are at present several 
hundreds of tihfiin. The Holl'maiin Otto are almost exclusively used 
in Oermany and Austria. The Semet-Solvay are used in Eelgium, 
in France, (Ireat .Britain, Germany and the United Btates. 

Bccovery of Amimnia from Blast Furnace, s^The recovery of 
the ammonia containcxi in the gas from blast furnaces is only 
carried out in Hcotland at Gartsherrie. The coal used is a non- 
caking coal, which prevents previous conversion into coke. The 
gases escaping from the furnace mouth pass thiiough a series of 
pipes into apparatus similar to those used in the gas manufacture, 
followed by a series uf scrubbers, fitted with perforated plates, 
leaving the gas to pass alternativbly on each side, whilst a thin 
stream of water, constantly flowing, dissolves the entrained ammonia. 
The liquid is repumped anil sent back to the scrubbers, until sufli- 
eiently saturated. The yields are on an average O'y to 1 ‘36 of the 
weight of the coal, which eoi'resjxuKls very nearly with the 
amount of ammonia got by the Carves coke ovens. 

Eecomry of Am'monia foTmed in Gas Producers, — Heating by 
the gas obtained in llic scml-iliaiillation of coal is one of the 
best processeg now known. It suppresses various drawbacks 
incidental to a gi’cat number of fires, and cuablcs very high tem- 
peratures to be obtained. In this distillation, as in all similar treat- 
ment of coal, there is given off at the same time as the combustible 
gases a rather important amount of ammonia. To give good results 
Reproduction of the gas is effected by alternating the two following 
operations ; — 

L The vapour of superheated steam is directed on to cwal, heated 

U 9 BietreB (aay BO ieet) in length, ly 1-7(1 metres (say 5 feet S inches) high, and 
of a width, TaryinR aooording to the qrality of the coals to be treated, of 0’36 to 
0'42 metres (say 14 to 17 inches). The air is heated to 200° to 300° 0. to 
572® F.). 
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to redtiefls, which lowers the temperatin'e., owing to tlie heat ab- 
sorbed by the fleeoni position of water. 

y. The eoujbustloa is stimulated by ;t ciifi’eiit of air to bring the 
tempeniture to its initial point. 

The gas produced in this second phase very mucli resembles gas 
from » gfl.fi generator, called hiomens' gas. The mixture of air and 
steam is suitably adjusted. Amongst the gaisogene plant constructed 
on this principle mention may be made of Siemens’, Schilling's, 
i’owson’s, Wilson’s and Mond's, 

1. Mond’s Pm‘m . — Mond was the first to inangumto in 
hingland this new process of extracting aminonia from the pioducfcs 
of combustion of coal itself. Coal burnt in the gsvs generator in 
a mixture of air and steam, in such jnoportions that there arc two 
tons of steam per ton of coal distilled, The temperature of the 
oombiisCifni is lowered to about dflO" C. (9112'' lu). This exetjss of 
steam favours the production of ammonia; the third only of the 
steam which passes threugh the gasogeiie is decomjiosed. 'Tlie gas 
ptroducers are reciaiiguhn' in iwin anti urvanged in series. They are 
1-82 metres in depth and 3d)0 inelres long, Tin; ash pits fitted 
rt ith a hydraulic joint capable of re-sisling O'tO nietre water jires- 
sure. The air anives above the level of the tisb |)il.. Tlie gas 
escapes from the centre of the lop of thegivs ])ra[iicer. 

The gas whin It H.scn,pfiR from the gas pi'odiicer tiavcrses a waslior 
rvith blades, Stajidard type, in which the ammoniiiciil silts are 
dissolved, Ttien at a temperature of 100“ C, it passes into the. first 
scrubber, drenched with a. 38 per cent solution of siilphale of 
aiiuiuniia to wliicb a known amount of snlpluiric acid has been added. 

The giis contained at its entranne intothc.scrubbc]- 0T3 jicrccnt 
of ammonia by volume, it now only conlalns O’OlO when it issues 
at a temi.)eraturo of 80" C'. It then enters the eondeiiser 
containing nvoorfen baffles pierced with boles, wlim-e they meet 
a current of water which is limited to 78"' to 80 C. (1 72-1 ' to 170 h'.) 
in condensing the steam. Tin; gas, purified aiid cooled, jiasscs to 
the burners. The hot w'atcr obtainerl passes to a third sciubbev, into 
which a current of cold air is passed., wiiicb it saturates with iriois- 
tun;, and which brings the temperaturfi to 76" (168-8" That air 
is then Forced into the gas producer. The yields obtained have 
been 32 kg, (70-4 lb.) of sulphate of ammonia per ton of coal, which 
is a beautiful result. . 

Attempts have been made to produce arainonmm chlonds 
direct by introducing hydrochloric, acid gas into the furnace or by 
mixing the fuel with clay impregnated by ra.lr,iuni cldorlde. The 
results were not satisfactory. ^ ■ -l- u 

Ilenuiii proposes to operetc like Moml, but by using Jiign 
pressure steam slightly superheate-d and suitably diffused m the 
mass of the fuel, in the. proportion of 0'75 to 1 per ton of ooal. 
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!2. Bourgeois and Lencanehez' Process .' — Bourgeois arid Len- 
cauchftz have patented a proeesR the object of which is to collect 
the tar and aminonia in the gas distilled from coal, this operation 
not diminishing the calorific intensity of the gas. The plant which 
they propose to use therefore appeals to all industries, glass 
works, metallurgical industries, etc,, which instead of burning coal 
under Ovens, begins by converting it into gas in any kind of 
gas producer. It consists of three main columns. The first, cooling 
and washing the gases, is intended to retain tar and oils, which 
are collected in a lower cistern. In the second, the gas charged 
with ammonia meets a shower of acidulated water. The third is 
intended to stop the last tiuees aminonia and to convey them into 
the firet, and so on. From the preceding it will be seen that those 
industries which formerly did not utilize in any way the nitrogen 
contained in their fuel, are going to become one of the most import- 
ant sources of ammonia. 

M'.inufactu-ring Plant . — In the vaiious ammonia- producing 
industries which have just occupied onr attention, the mami- 
faeturing plant consists, above all, of condensers and distilling 
columns. 

Oondemers . — The condensers are generally refrigerators, the 
extractor, the washing condenser of some kind of system, and the 
senihbers, or coke columns. Eefrigerators arc used in the manufac- 
ture of gas. The issuing 'gas is aspirated by the extractor, which is 
nothing but a suction and pressure pump. There exist a certain 
number of wasliing condensers. The following are mentioned “. 
The Standard washer, the Dhevalet washer, the Lunge Plate washer, 
the Pelouze and Audoin washer. The Standard washer consists of 
a series of cast-iron compartments, variable in number and dimen- 
sions according to the capacity of the plant. Each compartment 
contains a certain iiumher of wroughl-iron discs bolted together 
and locked on the shaft. These discs of thin sheet- iron, 2 to 3 mm. 
(t-/ i inch), thus present an enormous absoi-ption surface. The 
latter traverses the washer in an opposite direction to the gas ; the 
discs half dip into the water. An improvement has been made hy 
replacing the sheets of iron by pieces of wood, cut in the form of 
a prism and arranged in quincunxes. This apparatus is almost ex- 
clusively used in Great Britain. The washers restore to the scrubbers 
thoir true role, which is to arrest the last traces of ammonia. Tlic fill- 
ing of the acnibbers varies much; sometimes washed coke is used, 
sometimes wood shavings, fragments of pumice stones, or of perfor- 
ated bricks. The lining ought to he done carefully, for on it greatly 
depends the amou nt of water to be in trod need . A driblet of water, well 
spread over well-arranged materials, will give as good an exhaustion 
as enoimoug. quantities of water over a Ijod lining. The water 
escaping from the scrubbers should be carefully controlled. The 
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dfinRifcy of the ammoiiiacal water ought to be taken, and it miiRt be 
seen that the escaping gas contains no trace of ammonia. 

Ohevald constructed a scrubber of wrought-iron or erf cast-iron, 
containing cast-iron vessels 8 inches apart and pierced with a great 
nmnbor of holes, carrying a chimney a little less in height than the 



li’ni. 13!!.— Standard Washer furnished with its different Discs.— The upper figure 
shows the outside appearance of the fane of the washer ; in the lower figure 
the washer is seen from above f the top side has iieen partly removed to show 
the interior RiTangement, 'The discs of Fig, 38 are shown mounted side by 
side on the eaine shaft ; their lower part fl'ps in tiie water wlion the shaft 
turns ; tlio tuoisteued discs come in contact with the gus wliioh passce to the 
upper part. This latter is dissolved. A peculiar system of partitions forecs 
the gas to enter into i n 11 mate eontaet with the, rods of thedisns and to 
dissolve almost completely. 

edge of the vessoL. Each voasel is fixed in a ring without bottom 
of the distilling column. Between each vessel wooden shavings, 
or coke is packed. 

Distiliing Plant All methods used to maniit'acture fuilphate of 
ammonia consist essentially in disengaging ammonia from its salts,, 
in submitting It to distillation, in conducting the aminoniacai 
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vapours into a receivai uontwininf; sulphuric acid, and evapwathig 
the solution obtained, so as to extract from it tlie sulphate of 
ammonia by crystallization. The ammoniacal salts are decomposed 
by lime which is added to the gas liquor before distillation. In old 
distilling plant, working by naked iire, the use of lime required pre- 
cautions, because it was liable to adhere to the bottom of the boilers 
in modern plant heated hy stpam this drawback has diflappearod. 
Sometimes the two methods arc combined, that is to say, the gas 
liquor is first distilled such as it is, and then it is redistilled after 
adding liuie. The latter is used either as (juick-lime or as milk of 
limer, and in quantity varying with tho content of the ammoniacal 
liquor. But the umouut used never exceeds u ^)er cent of the 
material. The distillate consists mostly of a mixture of water and 
free ammonia; organic bases— the most volatile— are also present 
along with tarry matter. As amongst all these bodies iinimonia is 
tho most volati le, the principle of hot or partial condensation has boon 
applied to its distillation, a method which is especially iirqxuti.nt, in 
the distillation of alcoholic liquids. In the older plant the distillate 
traversed one or more vessels containing reheated ammoniacal 
liquor. By this anuaigament the ammonia was separated Iroui the 
less volatile products which condensed on the road ; on the other 
liarrd the ammoniacal liquor was lirought to a high tenipendiirc 
before being distilled. However, this niythod cannot be adi)ptod 
except by working conliimoasly, The plant used in distilling 
ammonia may be divided into two classes, viz. (Ij naked Jirn sfilU 
and (2) ateam stills. Although less economical and of much Bmaller 
output, naked fire stills have still numerous luivocates, because their 
installation is generally less costly and their miinagcmcnt very 
simple. A few stills of both tjqies wilJ now be described. 

Naked Fire Stills — The Enulish Still. An old still vvhi(;fi is 
still in use in certain English factories wheve it gives cxcoilent 
reflulta is that shown in Fig. 40- It consists of a small l)oiler A, 
which is fed with gas liquor from a reservoir, 11 the liquor be 
heated to boiling, the free ammonia, and the carhonalo of ammonia, 
the sulphide, and the cyanide of ammonium, all very volatile pro- 
ducts, are given oft with tlie steam, rise in fbo pij)0 a. pass into 
pipe g, whence they pass by the pipe c into the lead-lined wooden 
vat C containing concentrated sulpAuiric iicid. The latter absorbs 
the gas and the vapours with effervesoence, which renders thorn 
liable to return into the chamber A. To avoid this mishap a valve 
h is fitted to the top end of the pipe c, which opens from the out- 
side to the inside and lets tlie air enter as soon as the acid begins 
to rise in c, i.o. as soon as the pressure in the apparatus is lower 
than the atmospheihc pressure. When the ojiuration is thought to 
be sufficiently fai’ advanced, the test tap d_ is opened and the 
vapours coming from the boiler are tested with red litmus paper 
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to ssR if thfiy still fiontain an important proportion of ammonia. 
If thft test shows that the liquor is fiTthausted it is run into the 
boiler B, placed at a slightly lower level alongside the toiler A. 
With this end in view the boiler A eommuuicatcs on the opposite 
side with the boiler B by a pipe d (Eig. 41), which is naturally at 
a level high enough not to be reached by the fire. It suffices to 
open the taps e,/, i, and k. Milk of lime is added in the boiler B 
to the water from A. The boiler A is rochai'gecl, and the taps i and 
k being closed, the contents of the two boilers are brought to the 
boil, whilst the same process goes on as already described in the 
boiler A ; pure ammonia gas is formed in the boiler B as the result 
of the decomposition by the caustic lime of the chloride and sulphate 
of ammonia, still contained in the water which had been treated in 
A. This gas also passes into the vat C ; when a test at the test-tap 



shows that all the amrnonia is volatiliued, it is presumed that the 
water in the boiler B is exhausted and is run off. Bor that purpose 
the pipe d is fitted with two short pieces m and I closed with 
wooden plugs. To nin off the liquid all that has to be done is to 
open them as well as the tap k. Ammonia can also be distilled in 
a single boiler, taking care to mix the milk of lime with the gas 
liquor beforehand. As, the residual liquid would then contain 
not only chloride and sulphate of lime, but also carbonate of lime 
and various other salts, and as the mass of these in soluble salts 
would greatly hinder distillation, it is better to use two boilers, 
besides the sides of the boilers would become encrusted with lime 
salts and rapidly put it out of use. When the sulphunc acid in the 
vat C is saturated with ammonia it forms a fairly concentrated 
solution of sulphate of ammonia. In the first phases of the opera- 
tion this acid is greatly diluted by the steam mixed with the vapour 
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of ammonia, but as the aold beats considerably,, the steam tni verses 
it Avithout combining with it. The solution of sulphate of ammonia 
is not, however, concentrated enough to crystallize on oooling, that 
is why it is evaporated in flat becks of lead, iron, or wood lieiited by 
a closed coil. This operation must be done with care. Under the 
action of heat the organic matter contained in the solution exei'cises 
a reducing action on the sulphate of ammonia ; ammonium sulphite* 
hyposulphite and sulphide of ammonium aa-e formed, two substances 
which strongly attack the metal of tlic apparatus ; as, moreover, this 
reduction gives rise to a great loss of ammonia in the fonii of am- 
monium sulphide which is very volatile, the workman ought to 
moderate the heating as soon as he perceives the smell (of rotten 
•eggs) of this latter product. Evolution of or 1 1.,S iiifiingea 

the alkali act. When the solution is sufficiently concentrated it, 
is run into iron tanks, where the ammonium sulphate is deposited 
as it cools. The mother liquor which flows from the crystals 
still contains an important proportion of ainnionla. Sulphuric 
acid is added to it and it Is again distilled; finally it also can 
he evaporated and reorystallizcd. The motlicr liquor from this 


a. 


Vtg. 11. — Dfitiils of I'Ipe fioinmunic&tinf; with the, t-eo Stills of Fi;*. -id. 


second evaporation contains too many impurities again to yield sul- 
phate of ammonia by crystallization. However, it still contains a 
notable proportion of ammonia in different Ijodics derived therefi'om, 
that is why it is run into the boiler B to extract the ammonia by 
distillation after adding milk of lime. 

Malld's Still — This .still i« shown in Figs. 42 (front view) and 
43 (longitudinal section of one of the batteries). It consists of two 
batteries of stills AB, BB, CC, BD, which work parallel and impart 
to it, as will be seen further on, gi-eat capacity of production. The 
stills A and 13 are fitted with a perforated double ix)ttf)m, in which 
the amraoniacal liquor, to which nmlk of lime has been added, is 
brought to the boil. They are fitted witli an agitator to keep the 
liquor in motion, to prevent it from adhering to the bottom. The 
arainoniaoal vapours given off from these stills pass into the stillfi 
C and 1), likewise filled with ammonia, cal liquor, where they are 
washed to deprive them of their elements more volatile than 
ammonia. From the still D they pass into a coil 25 m. (82 ft.) long, 
the spirals of which are contained in the receiver F, where they are 
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ooolei^ by amraoniacd liquor. The coudeused amtuouia flows iuto 
the vesael S, aud from there into the collecting reservoir Y. 
The uncondensed vapours pass through a pipe, traversiog the lid 
of the veBsel S into an air refrigerator T. From there iuto the 
pipes U, fitted with a safety arrangement, which sends them into 
an absorption vessel placed behind E, The unabsorhed bad-amelllug' 
gases are absorbed by special arrangement. We havo followed 
the progress of the ainuionia driven off from the liquid under the 



Fir. 42. —Mallet 'a Ammonia Still (front view). 


influence of heat; let us now follow the inverse movement, i.e. that 
of tbft ammoniaeal liquor used to feed the stills, This ammoniacal 
liquor is contained in a reservoir higher up, whence it passes into 
the measuring vessel G, through tap a ; from that apparatus it first 
passes into the condenser E, where the steam brought by the coil 
gives up its heat to it and warms it ; the ammoniacal vapours given 
off rise into G by the pipe P. The stills A, E, 0, and D aro fed • 
by eommutiioat'ion pipes not shown in the illustrations, As already 
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said, the aTnTnonia.cAl vapours formed in the pans A and B pass into 
C and D, then into the condenser. The mUk of lime is prepared 
in the reservoir B, whence it paesMs into ' the still B by the pipe 
M, The still A is emptied from time to time, say every three days ; 
the discharged liquid is tlien replaced by an equal quantity of 
ammoniacal liquor coming from the stills B, C, and D. The eon* 
densed water in the vessel Y may be emptied into the vessel D 
through the pipe 0. For tliat purpose the three-way tap Z, which 
brings two of the pipes entering D into communication, is fixed in 
the right place for the auunoniacal vapours not W pass into the 
I'efi'igerator F, but into the reservoir Y. 

The absOL'ption vessel is lead lined and filled with the sulphuric- 
acid intended to make sulphate of ammonia. The latter is put to 
drain in R, the mother liquor hows into X, and thence into the 
absorption vessel. 

The air refrigerator T is only used when it is desired to make 
liquor aanmonia. In the manufacture of sulphate of ammouia it 
is replaced by a cylinder 10 ft. high and 20 in. in diameter, into 
which the pipe bringing the ammoniacal vapours dips, until just 
above the bottom. By fitting the cylinder with an overflow pipe, 
matters are so arranged that it is always one-third full. The water 
from the overflow pipe flows into the collecting vessel Y. The 
furnace is shown in Q. The combustion gases first impinge on 
the still A, and then pass under the still B. The Mallet stills at 
work at the Villette Gas Works produce 10 tons of sulphate of 
ammonia daily. 

Lufiges Sii!^.“This still is based on the same principle as tlie 
preceding, but it is much more simple ; a is the still, b is the pipe 
leading the vapours to the condenser c. The refrigerator d is fed 
by ammoniacal liquor; it communicates with the still by the pipe 
6. 'I'hfl contents of the still may be run out by the pipe /, which 
is closed when the still is at work by a valve g. The lime which 
is deposited at the bottom of the boiler is a.gain brought into 
suspension by the agitator h. The tap on the pipe i is opened 
when the liquid from the refrigerator d is heated to the point of 
giving off ammoniacal vapours ; the latter pass through i into the 
pipe b, and afterwards into the coil c, mixing with the vapours- 
coming from the still a. When the vapours have traversed the 
washer k they pass by the pipe m fitted with a safety arrangement 
into the lead-lined wood absorption vessel I, containing sulphuric 
acid to absorb the ammonia. The acid flows from the reservoir o 
through the syphon p into the absorption vessel 1. Its arrival 
is regulated so that the liquid in the absorption vessel is always- 
acid. The Vapours given off collect under the hood r, whence they 
are forced, into the chimney or burned in the furnace. The sul- 
phate of ammonia deposited at the bottom of the vessel I is emptied 
by a bucket hung to a chain and counterpoise t 





m 


CHEMICAL MANURES. 


SUam Stilh . — Thft iniiirmittmt., nakftd fire Rtille have been 
replaced by contimmC^ stills fitted with a rectification cobmn 
similar to those used in. alcohol distilleries. Snob a column, the 
working of which is uniform and continuous, renders it possible 
to work much more economically. Amongst the best known stills 



A. Diatillin^ oolmnn floniposcil of cditiiiln.r segments of cdst-iron, B. Milk of 
lime mixer, C, Milk of lime pump. D.D. EsohanRO heaters. Entrance 
ut iitilli of liiiio into column. E. Gas escapement. 


of this nature, those of Ue T;air, Feldmann, and Gruneberg may he 
quoted, 

Feldmann' s Still . — The amrponiacal liquor contained in a 
reservoir a flows into a measurer b, passes through the pipe e 
fitted with a valve r into a tubular reheater j, rises through iZ 
into the rectifier A, and meets the vapours which deprive it of all 




NITBOGENOUS MANURES. 


241 


volatile ammoiiiacal compound 15. Finally it anives in the de- 
composition vessel 13, into which milk of lime contained in the 
vessel H is nin fmm time to time by means of the pump G and the 
pipe n. The ammoniaeal compounds which have resist^ the action 
of steam are decomposed in B, where the liquid is kept in motion 
by a jet of steam ijijeeted through the pipe p. The ammoniacal 
liquor treated, by the milk of lime, the non-volatile elements of 
which are thus entirely decomposed, flo^va out in a continuous 



manner through the pipe 6 iuto a small column C, where the free 
ammotiLa is volatilised. The water, completely exhausted, collects 
in D fitted with a water level p, and flows in a continuous fashion 
into /. The steam enters all the parts of the apparatus by the 
pipe (/, fitted with a valve g'; it passes through the column C, the 
pipe h and the column A, the pipe i, and finally charged with 
ammonia it entera the saturation vessel F, filled with sulphuric acid 
and cooled Vjy the water of the reservoir E, The gases not absorbed 
IG 
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in F, viz. steam, CO^, H,S, are led by the pipe h into the tubnlai' 
reheater J, where they transfer their heat to the ammoniacal liquor. 
The sulphuric acid contained in the vessel F is sufficiently concen- 
trated for the aulj)hate of aiiiiiionia loriiied to precipitate completely 
after saturation. The, dise.ngagftment of heat accompanying the 
combination of ammonia with sulphuric acid gives rise to very 
energetic evaporation, whicii considerably facilitates the precipitation 
of the sulphate. Feld m arm's stills work very economically and are 
very much used in Germany. A large- size<l still of this type distils 
44,000 gallons of ammoiiiacal liquor in twenty- four hours. 



Pig. 47,— Grunelbig and Blum’s Ammonia Still, 


Gruneberg and Bium's Still— Ihe liquor first passes into a 
tubular reheater B through the pipe a; it then ascends into the 
column A in E by the pipe b ; it descends the column from plate 
to plate to meet the steam ; then it passes through the pipe e into 
the boiler P, which contains milk of lime, where the combined 
ammonia is liberated. The liquid which fills the boiler P rises 
above the level of the pipe /, flows into the mud pocket g, passes 
out at fe, spreads over the gradations of the column i, and runs 
away by the pipe k and the orifice (. 
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In the boiler (t the water which only contains a portion of the 
amiaoma liberate^] by the lime comes in intimate contact with 
the steam,, which is injected thiough the perforated coi] d. Tlie 
steam forced by the concentric sides of I to rise along the gradations 
of the column becomes charged with the ammonia it meets, and 
passes by the pipe m into the pipe n, which forces it to traverse 
the liquid of the milk of lime chamher, The ammoniocal vapours 
afterwai’ds rise into the reotiher, and finally wheu they are entii^ely 
deprived of water pass through the pipe p into the saturation 
vessel D. The bad-smelling nou-condcnsable gases are collected 
in the bell q, whence they return through r and s into the reheater ; 
finally they are hnrnt In a special furnace. The milk of lime is 
injected by the pump G into the still through the pij)fi c. Stills of 
this type have been inatailcd capable of treating odOO to 7920 
gallons of ammoniacal liquor in twenty- four hours. They work 
economically and require little superintendence. 

nemarh . — Goniiauoas stills should be entirely of cast-iron. 
Copper and bronze should not be used, for they are rapidly ooiToded 
by thft aminoniacal vapours. The presence of ammonium aulphide 
in the ammoniacal liquor is very annoying in work. This body 
gradually corrodes even cast-iron vessels. Therefore, iron reservoirs 
are sometimes replaced by cement ones^ According to Kunheira, 
gan liquor m.ay be freed from snlphur by a strong current of air, 
the effect of wliicli is to decompose the ammonium sulphide into 
and 

Manufacture of Sulphate of Ammoim from [Jr i/w. - Amongst 
organic matters putrid urine is one of the most important sources 
of ammonia. The putrefaction of urine gives rise to the formation 
of carbonate of ammonia, seeing that urea (10N.^H^ contains two 
molecules of water. An adult produces ou au average 30 grm. of 
urea, which corresponds to an annual production of 24' 2 kg. or 
•53'2 lb., nearly j cwt., of sulphate of ammonia,- 

As the carhoaiite of ammonia is very easily decomposed into 
00.^ and KHa, it has been thought advisable to utilize it in the 
manufaoturo of sulphate of ammonia. Figuera used the following 
apparatus for the purpose. .In the furnace V is the boiler W, which 
propels steam into the wrought-iron cyliudets C C' containing about 
100 hectolitres (2200 gallons) by the pipes T and T'. The two 
oyliadera are chaiged with putrid urine. The ammonium carbonate 
vaporized passes by T" into the lead coil e in vat A ; it condenses 
with the water ami passes in the state of solution into the vessel S 
filled with sulphurio acid, where it is converted into sulphate of 

iBut nuiHionia distillers are prolubited in Great Britain fioii] letting 
HjS escape.— Is, 

*Bay, toe the whole 5,000, 000 odd popnUtion of London, 3,500,000 cwt. of 
sulijhate of ammonia, worth say LI, 350 ,000, rnn into the Thames and carried 
out to sea aaauully.- Ta. 
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ammonia. The liquid used lo cool the coil in the vat A, coutainiug' 
about 250 litres (55 gallons), is putrid urine, which thence passes into 
the cylinder C and C' by a pipe not shown in the figure. The 
Ixjiler W contains the hot liquor not entirely exhausted from a 
previous distillation which still contains a small pi-oportion of NH^. 
The pipe T leads the steam into the vessel C ; m is a pipe which 
dips a little above the bottom of the boiler whilst its other end passes 
outside the factory roof ; n is a safety pipe which indicates at the 
same time (by the ascent of balls of froth) if the level of the liquid’ 
has lowered to the end of the tube m; o is a discharge pipe. The 
vessels P and P' are to retain the abundant froth which would’ 
otherwise contaminate the distillate. To ascei-taiii the level of the 
froth in the vessels P P', these are fitted at different heights with 
three lateral apertures closed by wood on plugs, through which the 
froth flows when the plugs are removed ; when the distillation which 



Fig. 48,— Piguera's Plant for Extraction of Ammonia from Urine. 


lasts about twelve hours is fiulslicd the boiler o is emptied and again 
filled with the urine contained in C C. 

Utili^aiion of Veat m tkf. Mawifactura of Ammnniacal Salts . — 
Uor some years greater and greater efforts have been made to 
utilize peat in the manufacture of sulphate of ammonia. The 
abundance of the raw material, its chfiapness and the facility of its 
extraction, and finally the unlimited outlet for commercial nitrogen 
manure, arc all factors which are in favour of the use of peat.^ 
Numerous processes have been invented for the extraction of 
nitrogen from peat. (1) In that of Van Heellen (1905) the pulver- 
ized substance washed with HCI, then with ordinary water until 

^ Depogits ol peat are by no meanB bo cstcuHivo »va guiiunilly if nagi ned. There 
are few peat mosses thsit wonld keep a distilling plant of large capacity at 
work for a couple of years. Peat oonipany promoters would lead us to believe- 
that every bog was a peat moss and a mass of solid peat.— Te, 
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neutral, ia jjlaxxjJ in the receivers arranged in diffusion bakteiy style, 
where they are methodically exhausted by water charged with 
arainoiiia, which facilitates the solution of nitrogenous matters. The 
gas is extracted from the final product for re-use. But only 
nitrogen in liumic acid combination is olitained, which restricts 
its use in the manufacture of chemical manures, and the value of 
which docs not exceed that of organic nitrogen {vide infra). The 
value of the organic nitrogen of manures is increased by converting 
it into ammoniacal compounds. Riohmann, D.R,P. No, 8238, sub> 
mits peat previously heated to from 350’’ C. to 800" C. to the action 
of a mixture of air and steam ; but, as almady mentioned; a great 
part of the, ammenk is destroyed at such high temjienitures, so 
that the yield is very poor. Waltereck, French patent 345,399, 
obtains better msults hy heating peat mixed or not with other 
cfti'bouaccous iiiaitcra to a maximum temperature of 300" to 500“ C., 
at which the mass is not incandescent. The mixture of air and 
steam heated to 300“ 0. {572" P.) is brought in contact witli the 
peat in vertical iirrn retorts surrounded by refractory stones. The 
temperature of the msiss rises naturally up to 400" G. (702" V.) ; the 
heating of the aiTiving gas is stopped, the heat produced by the 
reaction being more than sufficient to maintain the heat at a suit- 
able degree. The arrival of the air is so timed as to oxidize com- 
pletely the carlron of the cliarge in thine to six hours. The quantity 
of steam should he proportional to the temperature, The inventor, 
ceR, of addition No. 6407, has been enabled to suppress all fuel by 
replacing tbe steam with very finely pulveiized water in the curTent 
of air injected. The ammonia is extiuoted from the combiistioD 
gas by cooling with or without bubbling ; ammoniacal liquors are 
thus obtained utilized as usual. As Muntz and lioine have deter- 
mined, yields much superior to those by dry distillation liave been 
obtained where die coke retains 1 per cent of nitrogen ; a peat con- 
taining 2 per cent of nitrogen abandons Id to 1-8 per cent in the 
ammoniacal liquor. 

Muntz and Girard distil peat (previously dried and crushed •) 
in a current of superheated steam. Water gas, mixed with am- 
monia, cal vapours, tars, pyroligneous products, arc produced. The 
combustible gas is used to heat the retorts ; the distillation products 
treated by bicarbonate of soda residue from the extraction of the 
iunmoniacal liquors yield NE., and CO^, re-entering into the mauu- 
fftcture ; and aoeta,tes of lime and soda, methylic alcohol, and anaJo- 

* The drying of peat ie a costly item even when (vir ctrieri. But here in wet 
aeaeonfl in many p(«,t distrirts it cannot be air dried ; resource ninst thereiore be 
had to ui'linuiul ilryinjj, arid ttie wbcile nia.nipulati CBS— making and maintnining 
road to moss, easting, gpreading, turning, eaukiiig, carting, stacking, and ernabing 
the peate— •bring peat too near the price of coal for its treatment to prove re- 
munerative.— T r, 
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goim prodnots, afifiiiTnulate in the mother liquora ol the bioarbouiite 
of so4i, from which they are extracted by distilling the mixture', of 
alcohola, NHg rjeutralizing NH^, and then redistilling; - Pinally, 
the residue from the distilled peat may be used as a substitute for’ 
animal c.liareoal in the manufacture of clarifying and purifying- 
filters. The ammonia is present in the amraoniacal liquors more 
especially as carbonate. 



Pm. •f9, - -ftftiUot and IdrUset's Oven for Beeovei'Lng AnuEonia from Peat. 

Gail lot and Briaset conyert the oi^^anic nitrogen of peat' into 
ammonia by slow combustion. The diy or moist peat — pure or 
mixed with other nitre^enous matter— is ci'ushed then fed into the 
hopper A of the oven (hbg. 49) . The bottom of the hopper consists of 
a grating of fiat rotaiy bars affer the style of the laths of a metallic 
veneLian blind, in such a way that if it he turned on its axis the 
charge passes entirely into the oven, which is at once closed. The 
combustion of the peat is fractionated into two stages ; at first it 
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passes from the top of the furiiacft into the (distilling /one, whei^ it 
is dried and then heated to convert it into a sort of coke, The gases 
produced charged with steam aininonia and tar pass into h. The 
barred grate 0 enables the admission of the incandescent coke into 
the zone of combustion to he regulated -a real furnace, where the 
peat bums befoi'e passing to the ash-pit. The ammoniacal gases, 
dry ami very hot, pass out by tlie pipe utilized as a heating surface 
for the concentration of the amncKiniaoa] liquors. Dampers F as 
\toU as shaking grates G and E enable the progress of the combus- 
tion to be regulated. 

Reciiperation of ihf, A mmanin..- -For the m anufacture of fertilizers 
it is advantageous to substitute for simple condensation a method 
of fixing the ammonia in a form immediately utilizable as a manure, 
The porosity of peat gives lb a considerable absorptive capacity, 
Baoqua and Lorett(? use it to absorb the unimonia from the distilla- 
tioE gases. These pass into chambers containing perforated boxes 
arranged as balBos and filled with a mixture of peat, sawdust, and 
gnlphiirio acid, and arc there deprived of all their ammonia. 

Gaillot and Brisset use. pure peat impregnated with acid solutions 
or mixed with superphosphate of lime as an absorbent. Their lo- 
cuperator (Fig, 49) consists of a tower K, divided into ten stages by 
wide o-scillating flat bars driven itidependenUy, so as to be able to 
regulate from the outside tlio forced methodical cireulntion of the 
absorbent of whatever nature it may be. The arrivals re.specfcively 
of the hot and cold gas produced in their ovens already described 
arc in G and H at heights calculated so that the space II I is 
sufficient for the gases esca.ping by the chimney I not to contain 
more than lrace.s of ammonia, and that the path G H snlTiees to dry 
perfectly the manure reaching the discharge door of the oven L. 

Muviz a, ml, Girard collect ammonia by condensation and 
bubbling, purify the ammoniacal liquors by distillation, then treat, 
them by NaOL Ammonium chloride and insoluble bicarbonate of 
soda are obtained ; the carhnna.tion is finished by a current of carbonic 
acid from the residual bicarbonate, then it is filtered. The caloina- 
tion of the product enables the ammonia to be recovered, and gives 
GOj utilized for the next carbonation. The filtered solution eon- 
tains an excess of NaCl aud ammonia, as ammoihum chloride and 
oarbouate. The carbonate ia separated by distillation, and calcined 
at a higher temperature. NaCl equally soluble in the hot stats as 
in the cold crystallizes ; it is separated, and there is finally obtained a 
very concentrated solution of ammonium chloride, which is crystal- 
lized. The product may afterwards be refined or used directly as 
manure. 

Manufacture of Sulphate of Ammonia from Peal by the Mond 
Pfoce.a'?,— After numerous unfruitful experiments on the utilization 
of peat, Dr. Caro has applied tlie Moud process, by which poor coals 
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itre utilized, not only to produce gas to drive motors, but also to 
utilize their nitrogen as sulphate of ammonia by giving to the gas 
producers an appropriate arrangement. Experiments made in this 
direction at Stockton by Mood for the utilization of peat have given 
very satisfactory results, and as a sequel to these an experimental 
factory was installed in Germany capable of treating 50 to 60 tons 
of humid peat daily. That factory commenced to work in 1908 by 
utilizing J150 tons of peat placed at its disposal by the Prussian 
ministry of agriculture. The peat, a portion of which had been 
delivered as far back as 1907, and another part In the spring of 
1908, after having been kept in the open air was veiy wet ; certain 
parts showed a percentage of , 42'47 per cent of water, others 65‘70 
per cent. The average peroeutage of nitrogen calculated on the 
dry sample was POo ; the percentage of ash was, on an average, 
3 per cent with the daily treatment of 45 tons of peat with 42 to 
47 per cent of water. 1000 kg. (one metric ton) of dry substance 
yielded in the gas producer 2800 cubic metres of gas, containing 
17'4 to 18'8 per cent of carbonic acid by volume, 9'4 to 11 volumes 
per cent of carbonic oxide, 22 '4 to 25 '6 volumes per cent of hydrogen, 
2'4 to 3’G volumes {ler cent of methaDe, 42 '6 to 4 6 '6 volumes per 
cent of nitrogen, and only traces of oxygen. The combustible 
elements of the producer gases rose, therefore, to 36 to 39, and 
their calorific intensity was, on an average, 1400 calorics per cubic 
metre. For pea,t, with 65 to 70 per cent of water, the percentage 
of carbonic acid and the volume of gas was higher, but the total 
amount of combustible elements fell to 28'6.^ Now, as the gas from 

'It cannot be too much Lr^isted upon that there lb peat and there is 
peat. On the one hand, it may approach lignite, but peat of that nature only 
oooura in pockets anil is the remainK of buried timber, etc. Again, there is the 
abrouB sphagnum peat of bogs, the moss litter style of peat, which holds water 
like a sponge, and which when cast contains 201) to 300 per cent of water, and 
wliieh when dry shrinks lo about a quarter ol its hulk. Thm is the moat widely 
distributed form of peat, but even it is not distributed to tho ertent imagined. 
If any of those inclined to invest in peat companies saw the gap made in a peat 
moEK by tlie extraction of 300 tcinE of dry yicnt, they would more than hesitate. 
Bat when the average investors see an analysis of peat with 2-8 nitrogen 
psr cent -• 3‘4 per cent of ammonia, closely approaching that of hones, they 
begin to imagine what a grand thing peat is and what a wonder it has never been 
atiliiced before, Thu ftvot of the matter is, huwover, tliat every now and then 
history repeats itself, and there is a rejuvenescence and recrudescence of peat 
patente, bo that now in 1910 we may exclaim with the editor of the “ Chemical 
News” in ISfiO, “ yet another poat patntit ”. But if matters havn improved in 
extracting ammonia and. gas from peat since 18110, so also have methods im- 
proved in regard to coal, and it is not a question of the products that can be got 
firm peat nor of their calorific strength alone, but it is a question of the cost of 
productioa, The Stockton experiment is out of the reckoning altogether, and It 
is not fair to compare gas and ammonia from peat by the water gas process wi^ 
the same from coal by coke ovens. The author has himself shown that Mood 
obtained 32 kg, of sulphate of ammonia per ten of ooal. With hie process 
applied to peat 40 kg. were obtained, calculated to the dry peat, or about half that 



NIT1J0GEN0U8 MANUBEfi. 


249 


blasft furnaces, with 20 per cent of total combustiblee, arc still 
utilizable to drive gae engines, the gas, with 28'6 per cent ot com- 
bustibles, yielded by such a wet peat might also be need to drive 
explosion motors, and, with gi'eater reason, for heating. A measured 
sample of tlie normal gas, with 36 to 39 per cent of combustible 
elements, was taken to a 50 IIP. gas motor, fitted with a Prony 
brake, and it was found that for one effective H.P. it ms necessary 
to use 2'4 cubic rneti'es. Tar fiust v'as almost completely absent. 
As 1 ton of peat yields 2800 metres of giis, that gives a yield of 
]160 horse-hours, and as the gas, escaping at 500“ 0., suffices to 
j>roducc the steam requiridd fur the prod acers, and as the air-pumps 
and water-pumps, as well as the scrubber, require little feme, one 
is safe in counting on a yield of iOOO horse-bom's per ton of dried 
peat, that is, on an amount ot energy sufficient to combine 50 kg. 
(say 1 cwt.) of atmospheric nitrogen under the form of cyauainide of 
calcium, OaN^Hj, or fi'om 16 to 20 kg,, 35'2 to 44 lli., of nitno 
acid. 

But the agriciiltural utilization of peat is still more advantageous 
if the ammonia be extracted from tiie gas generated in the gas pro- 
ducers. If all the organic substance of the peat he gasified in 
a mixture of air and superheated steam, a hydrolysis of the nitro- 
genous substances of the fuel is produced, i.e, of the peat, and this 
hydrolysis is so energetic that, if the gas be waslietl iii a sulpliuric 
acid sernbher, 77 to 80 per cont of its nitrogen is obtained as 
sulphate of ammonia. The peat burnt at Sodingen which contained 
1'05 per cent nitrogen gave an effective yield of 10 kg. (H8 Ib.) of 
sulphate of ammonia per ton. A small lot of ])cak— gasified in the 
Stockton factory — winch contained 2'H per cent of nitrogen in the dry 
substance gave likewise, according to the experiments of Dr. CfWO, os 
much as 110 kg. (242 lb.) of sulphate of ammonia per ton, whilst coal 
generally contains 1 per cent of nitrogen. No account was token 
of the secondary products of the combustion of peat taa' for instance, 
which is obtained in somewhat important quantity, as well as acetic 
acid and w'ood-spirit, because time was awanting to estimate the 
value and importance of these bye- products, and al'Lcrwards because 
it was thought that the gasification of peat "v^'ciild not develop on a 
large scale unless the two chief products which it yielded, motorgas 
aud sulphate of ammonia, offered suffioicot profit without it Iwing 
cecessai'y to i natal complicated equipment for the treatment of the 
byc-produets. If afterwards the treatment of the bye-products ap- 
pears to be profitable, it is believed that it will always be time to 
examine it, but at the pieacnl it has not been taken into account, 
To finish, let us quote an arrangement for the extraction of ammonia 

•on the wet pent. It would thus take 100 tons of the weather wet peat to produce 
ft ton of iJulphate of ammonia. — that is, 8 tons of this weather wet peat had to 
be treated to produce fl worth of sulphate of ammonia.— 'i'a. 
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from combustion gases, which is the subject of the American patent 
816,035 of 5 March, 1907. The hot gases from the combustion 
products of coke ovens, etc., enter by a tube A into an apparatus cou- 
taining the tubes of a refrigerator B, and from there into a second' 
refrigerator D, by the pipe C. A pump G aepii-ates the oooled gas. 
from the refrigerator D by the pipe F, and propels them into the 
tar separator H. The gases fre^ from tar return by the pipe I 
into the refrigerator D, and from there by the pipe K into the re- 
frigerator B, Tn the refrigerators B and D tlie gases are reheated' 
by the hot gases which enter by the pipe A and surround the 
tubes. From there the gases pass through the pipe L into an acid 
tower M, which is filled with coke or analogous matter, on which 
a reservoir N delivers acid as a fine rain. The gases thus freed' 
from their ammonia pass through a pipe 0, into a refrigerator P, 
and can then be used for different purposes. The ammonia ex- 
tracted from tlic crude gas and combined with acid is absorbed in 
the refrigemtor 1) at the same time as the water. The liquid 
separated in B and in D is evacuated by the pipe Q into the reser- 



voir B, and h’om there it is dhected into a distilling appamtus S. 
lu that apparatus it is distilled by steam over milk of lime ; the 
ammoniacal vapours pass by the pipe T into a saturation reservoir 
U, which is fed at the end of the pipe V with liquid formed in the 
acid tower M. The sulphate of ammonia which is deposited on the 
bottom' of the apparatus U is evacuated in a continuous manner by 
the injector W. The residuary water from the still is conducted by 
the pipe 'W', terminated in the form of a rose, into the ohimucy X, 
the draught of which is stimulated by the fan Z. Sulphate of 
ammonia obtained by the processes described is the only kind 
used ill agriculture, According to its percentage of moisture it con- 
tain3.20 to 24 per cent of ammonia, which corresponds to 77 to 93'2 
per cent of sulphate of ammonia, or of 16'5 to 19'8 per cent of 
uitrogen. 

Crude Ammonia from 8jpent Oxide,— The material used to- 
purify coal-gas also contains spent oxide, and furnishes a product 
called crude ammonia [ernd d' ammoniac). Although ammonia can 
be extracted from it in the pure state by treating it like gas liquor, 
generally it is simply concentrated 'by evaporation. A product is 
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then obtained which should only be employed as manure with 
great prccautioas. Some years ago Maerokcr analysed a product 
of this kind, under the name of crude ammonia. lie found the- 
following products : — 

TABrJl LXX.— ANALYSIS Ob' SPENT OXIDE FROM GAS \\’OKKS. 

Pei' cent. 

S-7 

17-8 = ,7-S per eent iiitroKi'ii. 

5'4 - 1-8 ' „ 

15-li 
10 ■? 

1.0 
2:1 '8 
14'8 

100 0 containing; 7'1 pcruuntN. 

Amongst these compounds the sulphate of ammonia is the only 
fertilizing material ; the insoluble nitrogenous compounds, the 
sulphur, the lime, the sand, the clay, are inert materials ; whilst 
the ferrous sulphate, the sulphide of imn, and the cyanogen com- 
pounds, are plant poisons. These substances should not be em- 
ployed as LUHJiuro under any pretext.^ 

Another crude ammonia of this uatuve exceedingly dangerous, 
and also from an English source, and put on the market under the 
iiarne of hrown sulphate of ammonia, vviis analysed by Schuman. 
This product contained 

Per cetiL 

Wftler 4-80 

Sulpliii-tii uf tDiiniiniijL . 14'87 = 3‘1.> per Rent nitrogen. 

KhodiHintcaf Htnmmtin 73'94 = 27'24 „ 

Sand C'23 

with ,S0'.8t) per cent N. 

The rhodanate fammoniutn sulphocyanido] contained therein ia 
exceedingly poisonous to plants, and hel'ore using it, it is necessary 
to ascertain if it is exempt from this body. 

The dopartmental laboratory of Chalons-sur- Marne analysed in 
1907 a somewhat large number of crude ammonias* from different 
soui’ces. The composition of some of the samples examined is given 
in the following table ; — 

^Greea ntricl ks been used as a luarnia* fur stimulating etiok left plants, 
for neaTly a ceiikiiy.— Xa. 


Moistnie . . , , 

SulpUiite uf ammonia 
Insoluble nitrogen compounds 
Ferrous stilphato . . 

lSnl])hur .... 
Cyanogen compounds 
Ferrous oxide aud ferrous sulphide 
Lime organic matter 
Hand, cla}', etc. 
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IABT.E T;XXr,--PRRCR'NTAGB OP DIFPRRRNT NITROGEN COM- 
POUNDS PRESENT IN A SERIES OF SAMPLES OF SPE>JT OXIDE 
FROM GAS WORKS. 



Total 
KltifOgen. 
Per (Seiit. 

Nitrogen 
Stihihle In 
Water. 

Per cent. 

Animonkcal 
>:itTogen. 
Per cent. 

Nltnigcn of 
iSulyhocyanie 
AolA, 

Per cent. 

InRoluble 
Nit,ri>giin. 
Per cent. 

McriKtiire. 
Per cent, 

1 

2-69 

0-817 

0-22 

0 

1-87 

23-52 

2 

.PGI 

1-718 

1-01 

0-157 

3-93 

14-95 

3 

2-a« 

0-89 

0-37 

0 

2-07 

2-62 

4 

7 '08 

4-32 

2-89 

0-789 

2-76 

15-68 

5 

3-80 

0-l!)8 

0-181 

0-0C8 

3-61 

12-68 

6 

3- IS 

0-3% 

0-3-11 

0-044 

2-7fi 

3-20 

7 

2-76 

0-3% 

0-075 

1 0-307 

2-36 

11-88 

8 

1 5-24 

1-S19 

0-922 

0-307 

3-73 

! 20-40 

<1 

4'1$) 

2-24 

1-19 

0-R32 

1-95 1 

17-32 

10 

2'56 

1-38 

0-498 

1 0-540 

1-18 

1 4-60 

11 

6-40 

2-90 

0-915 

0-498 

3-50 ; 

: 16-14 

12 

804 

4-29 

1-1j47 

1 i-210 

3-75 

[ 24-57 

13 

5-43 

1-58 

0-99 

' o-igs 

3-85 

! 5-72 

14 

9-70 

8-34 

4-18.5 

0-950 

3-36 

! .5-74 

15 

6-fiO 

442 

2-51 

1-198 

2-18 

' 10-41 

10 

5-()0 

1-SS 

0-897 

n-r),3S 

,5-02 

j 22-67 


This table shows that the composition of these crude w'astes is 
very irregular. There seems to be no relation between the different 
forms of nitrogen to be met with therein. Their appearance, araell, 
and moisture vary exceedingly, some hlae.k, ntbevs brown, whilst 
others present a whole play of colours, from deep blue to almost black, 
to greenish-blue. Hometirnes the smell is sulphui-ous, sometimes 
cyanic, at other times the smell of benzine or tar predominates. 
Their consistency is generally pulverulent, sometimes, however, it is 
damp, pasty, and manipnlated with difficulty. All these variations 
are explained by recalling the origin of the crude, which is a material 
for purifying coal gag. Ainmoniacal compounds, sulphides, cyanides, 
come from the gas, also naplitbalene and tarry matter varying in 
proportion according to the coal used and also according to the 
arrangement of the purifiers, because efforts are made to retain the 
ammonia and the tar before they reach the crude. The matter 
uacd to retain the impurities is not always the classic lime and 
sulphate of iron', green vitriol, which yields sulphate of lime and 
oxide of iron ; the .inert absorbent, generally sawdust, sometimes 
consists of shavinga, or again of earthy matter. The gasworks 
which delivers the waste has therefore a great influence on its com- 
position, and this influence further increases by the care taken in 
storing the material as it comes from the purifieis. 
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ComtieTdai Sulphate of Ammnia. — Cotnmereial sulphate of 
ammonia contains in roiind figui'cs 90 per cent of nitrogen. 
Gejieiull.y 24 '5 per cent of ammonia, the term used in Great. 
Britain, is guai-anteed ; however, there is generally found salts up to 
25 per cent of ammoniaA When pure, sulphate of ammonia is white, 
but it generally contains traces of tar or its doiivativcs, The yellow 
colour is often produced by the presence of arsenioiis sulphide, 
the green coloration hy cyanide of iron, but these ooloura dis- 
appear on drying, ft is known that ammonia is converted in the 
soil by a ferment into nitric acid NE^ -f- 40 = IINOg -f HjO, ljut 
this nitrification is only possible if the sulphuric acid of this salt be 
combined with lime. Commercial sulphate of ammoni,a should bfr 
neutral and contain as a maximum 2 per cent of water ; when it 
contains only 1 per cent of rhodanate of ammonia (NII^SCN), 
ammonium sulphO'Cyanide, it is injurious to plants, according to- 
Maereker, But these impure products are no longer manufactured.. 
Riilpbate of ammonia is dried in a Bte!i.m dryer, crashed in ball' 
mills with a No. 50 sieve or in Carr's disintegrator, Bags which 
h.avfi contained siilphate of ammonia, like nitre hags, are dried and 
cleaned by beating or by washing with water; the wasli water, if it 
be not desired to evaporate it, is sent to the concenti'ation pan. 

As already mentioned, the strength of sulphate of ammonia may 
he expressed in two w.ays. In France it is customary to give the 
percentage in nitrogen; in other countries, especially in Great 
Britain, it is given as ammonia, so that the same sulphate has a. 
strength 21‘21 per cent or 25'75 per cent according to the designa- 
tion adopted. To prevent any confusion, it suffices to micliiplp the' 
strmqtk in ammonia by the mmber 0-823 r5 to obtain the cmreqwnd' 
ing percentage of nitrogen. Inversely, by multiplying the percenlage- 
of nitrogen hy 1-214 the oor responding peremtags of ammnia is 
obtained. The folio-wing table gives the calculatiooa for all strengths 
met with in commerce ; - 

^ Pure sulphate of aninionia coutainR 25'7 of animouift NHj. But coin- 
merciftl sulphate iilwaya dontaius free (wid and other impucilies indudio^' 
inoieture. Kven good ooinmeroial sulphate of auunouia containB enough iui- 
purities to stultify ffie ' ‘ complete " auaiysi s a.R usually performed. AH the nitrogen 
is oaloulated to sulphate, although very evideuLly it is uot all present as sul- 
phate, There are traces of substances with Juwer equivalents than siilpburie 
acid, wt that when the nitrogen is caloulated to smmoziiuni sulphate, the free acid 
determined (irul the eomhinod ftcid also as well as the nwistiire, no manipulation 
of the figures will bring them down to 100 per cent. A trace of this “ rhodanate ” 
of ammonia, so rieh in nitrogen, would explain all this, and the particulars given- 
in the fnllnwing paraqgraph throw stlU further h-Khl on the subject,^ The re- 
inventor of a banlr titration process for testing sulphate of ammonia took no- 
account of free acid ! Noedlses to say, that when fiicffl like the ^ove were also 
brought before him, he oould not grasp their signifieauci. An acenrate and 
complete analysis of even fairly pure commercial sulphate of ammouia i» not so 
simple a matter as at first sight appears. It sho-ws great lack of skill and 
judgment to eombino the extraneous nitrogen in sulphate of ammonia with the 
free abid, and thus report n larger percentage of sulphate of aTiiinonia than Lb. 
actually present. 
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TABLE LXXir.— TARTiE FOR flOEVERFilON OF NITROGEN PER LENT 
INTO AMMONIA PER OKKT AND VICE VERSA. 


rerc«ntage of 
Nitro^n 

TeTOitifHep of 
Ammonia. 

Ftirnnnta^o of 
Ammonia. 

Pet'™ntagti of 
Kilrogun. 

1 X 1214 

1'214 

1 X 0-8335 

0-8235 

a 

2-m 

a 

1G470 

3 

8-643 

3 

.2-470 

4 

4-86G 

4 

3-294 


f.-070 

}| 

4-117 

6 

7-384 

H « 

4-935 


8-498 

7 

5-764 

« 

8-713 

8 

6-588 

n 

10-038 

. 9 „ 

7-411 

10 „ 

12 -140 

10 

8-23.7 

11 


11 i< 

9-058 

12 

14-568 

12 

9-882 

13 

15-782 i 

13 

10-706 

11 

16-926 i 

14 

11-527 

15 

18-210 

15 „ 

12-352 

16 

19-424 

16 

18-176 

17 

20-638 

17 

13-909 

18 

31 -853 i 

18 

14-823 

19 

23-066 i 

19 

15-646 

20 

24-280 

20 

16-470 

31 

25-494 

21 

17-293 

22 

26-706 i 

33 „ j 

TH-J17 

23 

27-920 

33 „ 

18-940 

21 

29’184 

34 „ i 

19-764 

25 „ 

■ 60-348 i 

2S 1 

90-587 
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MANIIPAOTUKE OE MANURE F]m>r AXnfATi WASTE. 

PreUmimrij Remar h . — The utilization of Avaate of animal origin ia 
■of the same economical importiinco as of human excreta Like the 
latter, the products have come from the soil and been paid for in 
the manure. Unfortunately, these wastes arc not collected with 
•sufficient care, in spite of the great facility with whicli they can be 
utilized. Vasfcqiiantjtie.sof blood are annually lost in the alanghter- 
houses of both large and small towns, where the air is infected by 
Ihe products of its decomposition. Hiitnerous animal carcases are 
buried every year, not only througii following an old custom, but 
moreover in order to obey nerbiin preseriptinns of the sanitary 
police. Their conversion into chemical majiurc is their best dis- 
infection. In this convci-siou ail anim.'il mattej^ are boiled, wliieli 
not only destroys living OL"ganisms, but also the germs of putre-’ 
faction and the germs of contagious diseases. Moreover, as animal 
mattera arc not long in beginning to putrefy if left to themselves 
.after boiling, manure maimfacLui'crs have the greatest interest iu 
avoiding this decomposition, because it always entails a certain loss 
-of nitrogen, its most valuable constituent. This is effected by dry- 
ing, for dried animal matter can be stored lor ycois without decom- 
posing. Hy examining the methods used for the manufacture of 
manures, it will bo seen that they not only afford mfians of making 
an excellent profit from aaimiil waste, but also of destroying all the 
■contagious germs which they may contain, and tliafc therefore the 
police regulations which require all animals that have died from 
infectiouE disease to be buried, are thus quite contrary to economy 
as well as to weU-eonoeived hygienic measures. The animal matters 
rich in nitrogen most often utilized in manure manufacture are- 
blood, meat (flesh), horn, and leather waRte. 

Efood.— Fresh blood forms a red thick liquid of density 1'045 
to 1-575 (6 to 7" B.) (9 to 15" Tw.). In contact with free air it 
soon separates into two parts, one solid, fibrous, forms the clot, 
whilst the other, liquid, constitutes the serum. The clot consists 
mostly of fibrin, whOst the serum especially contains 
albumen (7 to 8 per cent). Bipod coritains per 1000 parts, 79b of 
water and 204 parts of solid. The solids consist of:— 
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191 parts of uitt'Ogciiuus uialter, fibrin, olbuniCE, globulin. 

2 „ „ fat. 

3 „ „ extractive. 

8 „ ,, inlueml matter. 


Amongst the mineral matters of blood, mention must be made of 
chloride of potaasiiiuj and of olilorlde of sodium (oommon salt), and 
also phosphoric acid, lime, and magnesia. Phosphoric acid forms 
9-8 parts; potassium chloride, 46 parts : corresponding to 29 parts 
of potassium. The composition of blood differs a little according 
to the animals from which it cpmes, as the following analyses by 
Wolff show : — 


TABLE LXXIir.— ANALYSES OP J5ULLOCKS, CALVES, SHEEP, AND 
PIGS’ BLOOD. 


i 1 

iicIlOClEB' 

Blood. j 

i 

Calves’ Blood, 

Sheep's Blood., 

- 1 

ViK»’ Blood, i 


Ver cant. 

Per cent, j 

Per cent. , 

! Wultir . . ! 

79 

80 

79 ! 

! 80 I 

: tjolids . . . 1 

SI 

20 

21 

20 i 

1 NitriiKRi! . ■ . ■ i 

ii-‘i 

! 2-9 

3-2 

... 

2'9 1 

} PhoB[4ioric acid , ; 

1 0-04 

0-06 

0-04 

0-09 

j rotaah 

O-OG 

i 0-08 

i 

0-05 

0-15 


Dried Blood. -Up to now (and still at the present time) blood 
was mostly coagulated in factories by steam in an open pan, adding 
to it. 3 per cent of ferric sulphate solution marking 51” H. (110“ Tw.). 
The coagulated blood was then laid to drain in perforated cases, 
where it remained for a month, and thus lost 40 per cent of the 
80 per cent of the water which it contained. The coagulated and 
drained product was then dried on hot cast-iron plates in a shelf- 
oven traversed by hot gases. This mode of operating has numerous 
drawbacks ; odoriferous fumes are given off by the drying itself and 
bad-smelling fumes owing to the partial decomposition duo to- 
irregular heating of the nitrogenous matter. Attempts have been 
made to remedy this, it is true, by condensing the firet and de- 
naturing the second by fire. 

Moreover, not only do the arrangements necessary to secure a 
satisfactory result require continuous supervision, but the manu- 
facturer docs not apply them except against hia will, as they per 
ceptibly increase the cost of the products without any marked 
advantage as regards quality. The drying of blood in Donard and 
Boulet's machine— about to be described— -prevents the disengage- 
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ment of all odoiiferous products, and thus avoids costly gas con- 
densation and denaturation proeosscs. Before this new application, 
this machine was already' in nae in distilleries to dry dregs, and 
this nao of it vfaa described by the author as Air back as 1892, 
The drying machine (Pig, 51) consists of a horizontal east- imn cylinder 
3-5 m, in diameter by 2 5 m. long— say in round figures, 100 in. x 
100 in., representing an interior volume of 12 cm. It rests on 
two bearings by hollow pivots through which the heating steam 
enters and the evaporation ateaiu is ejected. The heating steam 
eaters a oironlar vertical steam ebamher which forma the left aide 
of the cylinder, On this side are inserted a series of horizontal 
tubes cloaed at the other e^ti'entity which form a heating auiface of 
59 square metres. ' The maclune is fitted with the necessary arrang6-_ 
luents for nmning off condensed, wator. The pivot placed at the 
other end. of the cylinder ommunicates by a vride pipe with a 
double effect vacuum condensing pump into which tlie evaporation 
vapour passes. The cylinder is and emptied through two man- 
holes, The charge of moist material— containing 55 per cent of 
water— is 5^ tons. It makes three revolutions a minute, 

M&Uwd of Working. — The working is most simple. Tiie 
machine is connected by a pipe with a tank containing the blood, 
then by means of the vacuum pump the air in the cylinder is 
rarefied so as to force the blood to precipitate itself by suction. 
When 5'^ tons have been fed into the machine, say an amount equal 
to ] the capacity of the machine, the aspiration is shut off and the 
mass is heated under a pressure of U kilos whilst tuuiiug the 
cylinder. The blood is then perfectly coagulated under the influence 
of th^ heat without any pait escaping horn the beating up. After 
one hour forty minutes to one hour fitty minutes, coagulation is 
complefa The .apparatus is emptied, the magma is run into cloths 
and prosaed under a press mounted on a truck. Each press takes 
1 ton to 22 cwt, of dried blood as it cornea tiom the curing nmchino. 
After pressure, which is 3 kg,, 400 kg, (880 ib.) of cake with 6(1 per 
cent of water are taken out ; 3^ tons of these cakes are used to feed 
another machine absolutely identical with the first, but which this 
time acts the part of a drying machine. In a medium-^ized fiictory 
a single machine may act both as caring and drying ma, chine. 

In factories with two machines the curer is altered by fitting 
two steam circulation pipss perforated in the portion which dips into 
the cylinder ; and used to bubble in steam during the coagulation, 
they have the advantage of preventing the other heating pipes from 
being lelt bare. 

To dry the cakes the vacuum is stopped, for the vacuum pump 
might entrain a portion of Iho extremely light powder to which the 
blood is reduced by drying. During that time the vapours escape 
through great wooden aspirators pussiog through the roof. As 
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duriJig tlie process thei'e can be no alteration of the material, either 
by fermentation or by superheating, the portion oyaporated consists 
simply of pure water without trace of smell. 

Drying lasts six to seven hours and induces the agglutination of 
certain portions into hard masses so as to obtain an impalpable 
powder; the dried mass is pulverized in a Carr's crusher' coaipictely 
enclosed in a wooden case and in oomirmnioation with an aspirator 
for dust recovery. 

AH these operations follow each other. The fresh blood is con- 
verted in less than ten houm into a powdei’ which is bagged up 
ready lor immediate delivery. As will be seen further on, 1000 
litres (220 gallons^ say 1 ton) of blood from the Yillette slaughter- 
houses yields with these machines 210 kg,, say in round figures 4 
cwt, of dried blood. According to multiple experimonta made at 
the AiiljervlHiers factory, the coal used for all these conversions is 
estimated at 0'838 lb. per lb. ol dried blood. They calnulate that in 
actual practice 5 tons of coal suffice to convert 29 J tons of liquid blood. 
The motor power is at a maximum for threo driers of 15 cubic metres 
each. The improvement in the yield due to these machines is con- 
siderable, as re.sults from the following experiment, After previously 
mixing, 16 luetnc tons of blood, coagulated by ferric sulphate, and 
containing 62 to 65 ijcr cent of water, was divided into two lots ; 
the first lot of 8 tons, dried in a, hot-air oven, yielded 2'o50 mefaic 
tons, say a yield of 31 '5 per cent, The lot of 8 tons, tre-ated in a 
Douard machine, gave tons of dried blood, say a yield of 45 per 
cant, Tho percentage of water in the dried blood from the two 
treatments was perceptibly equal, 15 to 16 per cent, The difference 
of yield, 13*5 per cent, shows the loss the dried blood undergoes by 
overheating in the hot-air oven above-mentioned. 

amt M&al . — As far back as 1863 raanm'e was made at Auber- 
villiers (Seine) from dead animals or animals slaughtered in the 
department of the Seine and its neighbouring departments. The 
fat was first extracterl for the knackers and the rest was converted 
into manure, The lieah was cooked by steam, then pressed to ex- 
tract the fftt, dried, and ground. The bouea were also boiled, then 
dried and crashed to a fine powder. Finally, with the entrails, the 
boilings and the residues of the organic matter, composts were made 
of low nitrogen content. They were mixed with the residues from 
the manufacture of fat (? greaves), ground mineral phosphates, bone 
residues, fur, cte„ wore added, a,nd the whole piled in a heap and 
drenched with blood and boilings. These substances, difficult to 
assimilate, especially ground mineral phosphates after au active and 
prolonged fermentation, undergo slow oonverMon which rendsrsthem 
assimilable. The composts mixed in different proportions with rich 
substances, dried meat meal, dried blood or crushed bones, enable 
manures of all strengths to be prepared containing To to 2'5 pci*' 
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flSiU of nitrogfiii, jind up to 2o per esiit of phosphate. The riiiuem] 
phoiphate^ were ooproliies, Fryto lituo to lirrii the oorapost heap 
was watered with sulphuric acid to avoid loss of ammonia and to 
fender the phojpliatos soUihle. Toe manuie most rich in iiiti'ogeu 
S3 manufactured emuainod 12 per cent and a little phosphate. By 
mixing it with homi dust and aiiciilinc salts, Duke prepared a 
rnaiiure cootaiaiug 8 por cert of nitrogen, 12 per cent of phosphates, 
If) per cent of potash salts, sod i., intgnesia, etc, This inaiini'e was 
sold at 24 francs the 100 kg. (.^ay £10 a tonj. The Aubemlliers 
l;acfc)ry continues to use meat waste for the manutacun'e of manures, 
hilt it has considerably improved its processes, as will be seen. The 
blood in powder teste 13 per cent of water and 13‘2 of nitrogen ; it 
treats per month on an aveiuge 3500 casks of IHo litres (40'7 
gallons), \ ieldingl55 metric tons of diied blood. 

Drying Bhod by itwa. — RecHUtly a simple jirocess has been 
used to dry bluo<I and to reduce it to a fine powder. This process 
consist? in adding to 3 per cent of quicklime, which converts it 
into a solid cake which may be dried in the air without putrefying, 
aud finally gives a line and inodorous powder. This process has 
the advantage of being capable of being applied everywhei'c without 
any plant; moi-eover, it preserves 0'4 of nitrogen, which othemise 
would be lost with the coagulation watei'. It may likewise be 
applied in the eountiy by farmers, who thus possess the means of 
mariufactiiring economically an excellent nitmgehous manure. 

BiiiUitg .Ifetf.— Butchers' waste of all sorts, skinned animals 
cut into pieces, aro first boiled in lead-lined vats. The lid of the 
vat has in its fixed half a square opening to which a wooden sheath 
fits, the other half, movable around two hinges, is used to feed in the 
materials to he treated. Each vat is cljarged with 

Jkat.et? SOUliin 

Water 150 „ 

Salplmric acid -lO „ 

The va.tv being charged, the lid closed, and steam turned on, the 
boiling lasts about twelve hours. The vc-rticail vvnodon sheaths on 
the top of the vats form real draught chimneys branching into two 
large horizontal collecto)"? which end in a roaso iry turret ; there 
the vapours from the boiling are constantly precipitated by the play 
of a fan. The tower contains a filter of coke, constantly moistened 
try a stream of water, The aspirated vapours am in great part 
condensed owing to the freshness of this water ; they then pass with 
it into the drain, After twelve houm the vats aie opened, the 
floating fat removed, in the proportion of 10 to 20 per cent accord- 
ing to the nature of the debris, then the bones and the flesh 
pletely disintegrated , The liquors from the boiling are drained 
through specifrl piping into two large tanks. The tallow, as it 
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eomftfi from the vais, Is more or less dark, according to tlie in,, 
purities contained in the raw material. Three classes are (iis. 
wMe (Sa//ow, jellow kilow, and green t&ilow. The 

paio*- it iu, ihw iiioi-e U is valued by candle -in akws and soap- makers. 

Ft 18 again boiled so as to skim it, and eliminate the jmpuritj'es tvi/ch 
accompany it. It is afterwards ran into casks ready for delivery. 
After removing the tallow, what remains in the boiler (disintegrated 
flesh, bones completely detached, the Im-gest of which are removed) 
is put into a press which removes 15 per cent of water and dried. 
The Butchers Union of Paris, in its Aubervilliers factory, uses two 
systems of driers, one jiaked fire, the other ikam. In the sieam 
drier, Donard's system (Pig. 51), drying lasts seven hours at the most. 
The naked fire driei' resembles an enormous coffee roaster, fitted with 
an agitator; it is driven by the central shaft ; its furnace is arranged 
like that of a boiler; drying lasts at least ten hours; the amount of 
coal consumed is enormous. Donard’s dryer is much more economi- 
cal and has the great advantage of yielding on absolutely inodorous 
powder. The drying operation is complicated by the comparatively 
large quantity of fat which the meat and hones retain after boiling, 
and which has not risen to the surface with the tallow. This fat 
renders the substance to he dried tacky ; it isinflammabic, especially 
when air is blown over it at a high temperature. The products 
coming from the di-yer are hrought on to a sorting sieve which 
throws the bones on one side, and delivers the. finely powdered 
meat on the other side ; the latter is bagged up for delivery. By the 
use of Bonard’s diycr all this work o.an bo done in less than twenty- 
four hours, from the time the meat entered the factory until it is 
bagged up in the state of powder ; 100 kg. of pressed material yield 
33 kg. of dried matter; 100 kg. of pressed materia] cori'espond to 
140 kg. of original material. Meat meal is sold according to its 
percentage of nitrogen. The following is its averuge analysis : — 

T/UfLHi JjXXIV.— COM i'UHrnU-N t)F Mb-Vr .MJBAL. 

i-'er cfiil. 


Water K 

Tallow :■! 

Nitrogen h(i 

Phosphorie acid 15 


The llquore from the boiling are collected into two cisterns, where 
they are left to deposit for several days. Their muddy deposit, 
somewhat rich in organic matters, is taken up by a niontejm and 
poured over a very vast area wUli raised edges, to let it drain better, 
then mixed with meat horn the boilers or put directly into Uonard’s 
dryer. At the Aubervilliers factoiy they treat 805 tons of meat, etc., 
per month, which yield 15-8 per cent of tallow, 150 tons of dried 
meat, and 50 tons of bones. 
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organized at Caen an iateresting application 
o( Ainie Gimid a process, for the destruction and disinfection of 
carcases arul animal debris by means of sulphuric acid. Louis uses 
iikewtse sfaughter-housc and butcheiy residues, In 1889, his first 
year of working, Lotiis made 483 tons of manure containing 16 to 
18 per cent of phosphoric acid, 2 per cent of nitrogen, and 5 pei' 
cent of potash; in 190(1 his luanufacture had riser to 930 tons. 

Louis’ method of working consists in dissolving the aiiimai 
m, after in sulphuric acid, and satuintiiig the pastv mass so obtained 
by phospliate of lime in powder, which finally yields a nitrogenous 
phoephate. 

ComiMrcidi S^eai MmL—Thc meat meal of couinieroe is a 
mixture of meat meal n,iid bone meal, It is m;wle from the waste 
from the matiufacture of extract of meat; in South America also 
from the carcases of animals, Jinaclcei’s’ meat, h\' steam heating, 
drying, and grinding. The greater part of the meat menl is 
marketed as Fray Bentos guano ; it contains 6’5 to 7-b per cent 
nitrogen, and 17'18 to 1114 of phosphoric acid. Finally, meat meal 
ia rendered soluble by sulphuric acid. 

-Horn ia met with uridev ditforent forms in cOiimiCrce, 
The horns of rumiiiauta are generally very pure, and contain diy 
and free from Irorie 13 to 14 per cent of iiitrogen. Whalehone 
waste, when not. in too small fragments, is almost equal in value. 
Horn and whalebone turnings and shavings are less esteemed, 
because they arc generally mixed with wood shavings and otlier 
sweepings of the workshop. Their nitrogen content rarely reaches 7 
to 8 per cent. Hoofs are richer in nitrogen than ground horn. They 
generally conaiat of pure liorti ; on tlie other hand they are often wet 
aud soiled by excreta. Hai i', w’ool, wool rags, old felt, and feathers 
have the saitve value as h(;rn. But great care must be taken in 
buying, because it is difficult to detennlue the impurities of all sorts 
which may be mixed tiierein. In the pure slate they cotitalu 11 
to 13 per cent of nitrogen ; as sometinics delivered to the factories 
they only contain 5 to G per cent. Wool dust, from the combing 
and spinning of wool, ia not of a nature to inspire much confidence. 
It rarely contains 6 per cent of nitrogen, often only 3A jrer cent of 
that element, To serve as maimrc all these materials must be 
reduced to a fine pfjwdcr. But even wheti apparently dry they are 
»o tenacious that i t is impossible to grind them. Wool dust itself 
already iu a fine powder cannot be ground finer. That is why they 
are subudUed to a special preparation, which consists in roasting 
them or Lu heating them in a closed vessel, To roast horn, it is 
spread on a caBt-irou plate or iu a shallow pau, which ia heated 
without interruption so as to avoid overheating aud loss of nitrogen, 
The matter aBSumes a dru-k colour, and whets it is cool it is brittle 
and easy to oruBh, When it is a case, of horn turnings, it suffices to 
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heat them for some titiie ou the roof of a diyer. The roasting may 
easily be done in a closed vessel into which euperhaated air or 
combustion gases ai'e injected, Horn is steamed in a digester. A 
digester is nothing but a horizontal or vertical boiler heated by 
steam (Fig. 53). In Fig. 53, a is the steam pipe fitted with a vaJve 
b. On the top is a steam escape valve c, safety valve d, and a 
short piece a intended for a steam gauge ; is a double bottom of 
wrought-imn. The shape and the size of the digester vary con* 
sideiably and depend on the size of the factory. However, it is 
woll to keep to certain rules. Thus a wide somewhat low digester 



generally runs cheaper, and works more economically than a tall 
narrow oue, because il? condenses less steam on its surface. 

The digester being charged with horn through the manhole h 
is closed hermetically, the steam valve b is opened and steam of 
two to throe atmospheres injected. It condenses at first until the 
.whole mass is heated. The heating lasts two hours for horn in 
large pieces. When the operation is finished the valve b is closed 
and the apparatus left to itself for some time, and finally the 
steam valve c is opened. When the pressure in the digester has 
fallen to almost the atmospheric pressui'e, the digester is emptied. 



manure prom animal waste. 


2f)5 

To do this the liquoi formed by the condensation of the steam is 
run off through/. It holds a little dissolved horn in solution ; then 
the lower, manhole i is opened and the horn withdiuwa When 
properly boiled, the horn is roftened through and through and foms 
m elastic mass, like rubber. It is dried in a dryer, and then foruiB 
a black pliable vitreous mass which Is eiushed in a bone crusher ; 
that is the way ground horn of commerce is obtained. In the pure 
state, it has a greenish or gieyieh-yellow col urn-, and contains 13 to 
15 per cent of nitrogen. Other analogous materials are treated 
along With the horn. Horn shavings, wool waste, etc., occupy 
a gi’eat volume, and it would take a very large^sized boiler to ti-eat 
them apart, that is why they are mixed with horn to fill the empty 
spaces between the large pieces, at tlie risk even of slightly diminish- 
ing the percentage of nitrogen in the product, The condensed water 
(horn liquor) contains 1 to S per cent of nitix)gon ; it thus has a 
certain value, but as its treatment would l>c costly it is l)est to add 
it in the manufacture of bone dust. Attempts were made to let it 
putrefy, and then distil it to recover the ammonia, but this method 
was soon abandoned. The steaming of honis has many drawbacks. 
It expends much fuel and labour, and a loss of nitrogen in the 
condensed water. Finally, the work injures the health of the work- 
men, There is in fact disengaged from horn during the digestion 
a very volatile organic substance, which strongly attacks the 
mufioiia membranes, especially the workmen engaged in emptying 
the digester and who consequently have to come in contact with 
the steauieJ liorna, but up to now nothing has been found to 
replace this method, because gi’oniid horn rendcrcLl soluble by steam 
is of much greater agricultural value than raw hom. It has been 
.seen that the horn dissolves partially in the water condensed from 
the steam, and that without decomposition it an far proves that it 
passes to the soluble condition at least partially. Ground horn 
thus rendered soluble possesses a great absortent capacity for 
water, whilst ground i-awhorn repels water, and cannot be moistened, 
«and as putrefaction requires the help of water, it follows that the 
soluble huru will dcco upose more easily, and produce a more rapid 
and more sure fertilising .action than raw horn. From the preced- 
ing, it follows that the use as manures of powdered horn and wool 
dust which have not been treated by steam sl'ould be abandoned,^ for* 
iu the raw state these materials cannot, be crushed to the requisite 
degree of fineness for the rational application of concentrated 
ehemieal manures. 

Leather W<iste. — Tanners’ .and curriers’ waste can be bought 
cheap when they are unfit for glue manufacture; their nitiogen 
content is very variable, even when not aiiected by moisture or 
sand. Thus sole leather in the puie state and perfectly dry often 
only contains 4 to 5 per cent of nitrogen. The cutting and waste 
of new leather from saddlers’ and shoemakers' shops have a higher 
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value ; lliey contain 7 to 11 per cent of iiitrof^en, deducting moistute. 
Chemical manure manufacturers often treat them in the same way 
as horn, roasting or steaming in a closed vessel, aiidf-grinding. 
The roasting of tanned leather rondel's It friable without perceptibly 
modifying its ohemicAl properties. Steaming under pressure 
dissolves it to a great extent. The leather liquor is sometimes so 
concentrated that it takes the form of gelatine, and the amount of 
ground leather finally obtained scarcely renders the half of that 
fed into the digester. This method, therefore, is not economical. 
Moreover, steamed leather has only a low value as a mamire, for 
the tannin in the tanned leather prevents the decomposition of 
the animal matter in the soil, and is only partially destroyed by the 
heat. The powder obtained from roasted leather is even worse. It 
is true that the manufacturer again finds in it the greater part of 
the nitrogen contained in the raw material, and which varies from 
6 to 9 per cent. There has already been described, in discussing 
the preparation of bone du»L, a process of preijarhig leather which 
is more advantageous both for the mamifacturev and the fanner, 
Another method of treating woollen rags, leather waste, etc., was 
the subject of British patent No. 26,780 of 22 December, 1905. 
Raw materials, such as woollen rags, leather waste, previously 
moistened, if need be, are fed into a horizontal cylindrical receiver 
and treated by sulphuric acid which fails on them drop by drop, 
by means of a pipe running the length of the cylinder. At the 
same time a rotary motion i.s imparted to tlie cylinder whilst inject- 
ing hot gases from a furnace, then the materials aro drenched with 
salt water, well mixing the whole, and continuing the heat. If 
leather waste be principally used, it is well to add finely ground 
phosphate of lime to the acid water. The vapours disengaged by 
the material aje propelled l)y a pump into a condensation tower 
lined with bHeVs, washed by a jet of finely divided water. The 
nou-condeused gases are directed into a filter bed of moss litter, 
and frona there it escapes into the atmosphere ; the final product is 
discharged into a pit and reduced to a fine powder.* 

Gom]parativ& Value ofBiffe^'enlNiirogeuous Manures . — Peruvian 
guano is the most active of nitrogenized organic manures. Popp 
has examined the action of the nitrogen of organic manures com- 
pared -with that of nitric nitrogen, In his experiments he used all 
8orfi.s of organic manures, dried blood, horn dust, castor meal, ground 
raw bones, fish guano, meal, meat meal, Bremen poudrefcta, wool 
dust. According to the agricultural experiments which he exe- 
cuted, he indicates the ratio whicli exists between the action of the 
different manures. Under the cover of this remark, the following are 

* But using 120° Tw. acid heated to 140° F., 4 cwt, of raw leather or 2 
owt. leather and 3 cwfc. shoddy oan be got ijrto each ton ol compound inaumtii 
and BO well diseolved as not to be seen when the den is opened. So why all this 
unneceEsary kbonr'aud expense*;— T r. 
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the uppi’oximate efficieiicy values of these inaiiuies, nitrate heine 
taken as 100;— ^ 

TABLE LKXV - SHOWING AGRICULTUBAL VALl'E OF NITKORRNOlfS 
MANliliKS (NITWATE), 

Hcied b'Qoil 
Hern diK^t , 

Fish guano 
Cafitov nu;al 
Meat meal , 

Bieuten poudretto 
Ground hones , 

KrottnauRi’ orgauiu mmiurc 
BlanhenhuTg jnsniire . 

Uistillerj apeiit wash-Balts 
WooUliiKt , 

Concenh'sled cattle luanure 
Crtoiiuil leather . , 


The value of the disf5olved orj^anic manure is 23 per cent of that 
of the nitrate. Popp Has, tnoieoycr, remarked that in evei y case 
the organic nitrogen is first converted info annnonia ; he was not 
able to determine the effect of the lime. Complete conversion of 
organic nitrogen into nitric [icid did not occur in any case. In the 
most favourable instance of 100 parte of organic nitrogen, 72 parts 
were converted into nitric acid; that is the casH especially with 
dried blood. The nitrogen of horn dust was converted in 1lje pro- 
portion of about 57 per cent, and the nitrogenized organic manure 
in the proportion of 2i per cent. Horn dust thus acteii mors 
slowly tlian dried blood, and the nitrogenized organic raiuiure about 
half as quickly, Neitlicr in this case was Ihe effect of the lline in 
the converwon observed. Tn conclusion, Popp has calculated the 
value of the nitrogeniged organic manui-e compared with that of 
niti'ate of soda, the latter calculated at 35 25 francs, all expenses 
included. JJe valuos 1 kg. of nitrogeu iu such organic manures 
as follows: — 

TABLH LXXVL-SHOWING COMFAKA'IIVV; AGIUCCLTUBAIj MONEY 
VALUE OF NITBOGENOUti MANURE IN FRANCS I’EK KP.O- 
GRAMME, 


Drier] lilood 
Horn (k.st 
Fi»h giia.no 
Cnatur Tiical 
Meat meal 
Uremeu poadrotte , 

Rone dust manure 
KrottMiier orgsiue manure 
Mulaeses salts 
DisflCilved oitrogenizeclr'i’^'anio ummim 
LuIzbI guano 
Wool daat 

fliuioeiitrflteil cattle lU.aayrC 
Ground leather 



01IAPTJ2E XIV. 

UECOVERY OF NITROGEN FROM DISTTLIJURY SPENT WASH. 

MANUFACTURE OF CYANAMIDE AND OF NITRATE OF LIME. 

Utilization of Spent Wash- Ge-neral Jiemarks. —The question of 
tUe utilization of distillery spent wash, looking to its great economi- 
cal importance, has engaged the attention of chemists for a long 
time. In grain distilleries the dregs are generally filtered, then 
dried ; the spent wash which flows therefrom contains 80 to 100 
grm. of nitrogen per hectolitre ; and as 100 kg. of gniin yield 
about 3 hectolitres of liquid, the loss of nitrogen is L to I'tloO kg. 
per hectolitre of alcohol manufactured, say 1 to lb. per 10 gal, of 
lOO per cent alcohol. In beet distilleries the loss in nitrogen is also 
very considerable ; the fermented wash issuing from the distilling 
column contains 100 to 160 grm. of nitrogen per hectolitre. 
Finally, the spent wash from the distillation of molasses aaid sucrate 
liquors contains 1’4 per cent of nitrogen and 9 per ce[it of salts. 
Now, if the spent wash be simply iiicinoratcd, to extract the salts 
from it according to a process already old, all the nitrogen, of which 
the money value ia auperior to that of the potash, is lost. If in a 
molasses distillery they calculate on a yield nf 9 jier cent of salts, 
it will be seen that there is extracted from 1000 kg. (a metric 
ton) of molasses 90 kg. of salts, say 198 lb„ at 40 per cent of car- 
bonate, wort.h 38 centimes the degree, say 13'6fi francs, say lls,, 
and that there is lost by incineration all the nitrogen, of which 
76 per cent at least is recoverable, say 11 kg, (22'42 lb.), worth 1'50 
franca the degree, say 16 ’50 francs, or 13s. tld. 

It will be seen that the problem of the recoveiy of nitrogen 
from these residues deserves to attract in the highest degree the 
attention of distillers, ilitterent processes have been proposed to 
recover this nitrogen. Attempts have been made to recover it by dry 
distillation as ammoniacal salts or liquor ammonia. There is then 
obtained a complex liquid containing tars, methylamines, and other 
bodies difficult to pnrlfy. These processes have not been adopted 
in actual practice, vvhich would tend to the belief that the financial 
results did not conform with those which bad been expected. 
Attempts wore also made to prepare compound manures from 
spent wash by adding precipitated phosphate of lime, and inert 
{268} 
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mattera, geuei'ally lime, in somewhat larger quantity up to 40 per 
cent. But the fertilizing elements in the products so obtained are 
present in proportions but little acceptable to farmers, and the pre- 
sence of inert matters rendered their transport charges heavy. 

Wiack has tried to utilize the nitrogen of spent wash as 
manure. His process consists in concentrating the spent wash to 
40 to B., then to add massive quantities of sulphuric acid. 
This acid mixture is afterwiards iieiitrali/ed with carbonate of lime, 
and dried in stoves, The addition of acid and of carbonate favours 
the drying, the presence of sulphate of lime renders the mass 
more porous, more easy to treat. The product obtained contains 
3 to a per cent nitrogen and 12 to 14 per cent of potash. Riviere 
proposes to separate potash from concentrated spent w^ash by 
hydrofluosOicio acid. The organic matter sepamted from theso 
salts can be evaporated in the same way as in the Vasseux process 
described below. Effront lias likewise Introduced a process for 
separeting the organic nitrogen fi’oni the mineral substance, This 
process is based un the observation that the nitrogenous matter of 
spent wash becomes insoluble when it is treated with acid at a 
teuiperatui'C of about 200'" C. To the concentrated spent wasli acid 
is added to decompose the organats; the mixture is maintained for 
some hours in stoves at 190“ C. A portion of the nitrogen is dis- 
engaged and is collected by a fan in the acid. The )i)ass issuing 
from the stove is cixished, then lixiviated with boiling whaler. The 
cooled liquid deposits sulphate of potash. The insoluble residue is 
dried at 100" 0. By this method 8 to !) per cent nitrogen free 
from potash is obtained. 

Recovery of Niirogm l/y Vasseur's Proem . — By this method 
all the nitrogen freed from the greater part of the potash is easily 
rccoverod, no noxious pirinciplc being generated in the fjrocess, 
which is as follows : The spent wash, previously concentrated to 
32“ to 35“ B., is treated by sufficient sulphunc acid to uouvert the 
orga, nates of potash into sulphates. The sulphate of potash formed 
crystalliacs in the midst of the moss ; it is separated by decantation, 
filtration, and centrifuging. Tliis sulphate of potash is afterwards 
wiished and again centrifuged. It is then sufficiently pure and )S. 
sold as 75 to 80 par cent sulphate. The organic matters which 
form the drainage' arc’ then dried in special vacuum machines, 
decomposition is avoided and the distillate glycerine, tar, etc,, may 
he collected. , >. ■ 

When drying is complete the mass ia run into trucks. It is 
fluid when hot hut soon cools into a mass which is broken m a 
crusher. An organic manure is thus obtained containing 6 to 7 per 
cent of nitrogen and 6 to 7 per cent of potash. This product, almost 
eutirely soluble in w-ater, nitrifies very rapidly m the soil and suits aU 
crope. For every 1000 kg. (metric ton) of molasscfi treated 160 kg. 
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of tbis maniivft arfi reooverf*d (in round numbera 3 ewts. maiiurc per 
fcou of molasses) : — 

TABLE LXXVII.-- SHOWING VALUE AND AMOUNT OF MANUilE 
FiiOM 1 TON MOLASSES. 


IflOrt kg. (1 inetrin ton) of molasBes yield 


150 kg. (B owts. I of ui'ganii! mriiiere with 6 to 7 pftr cent nitto- 

goii iind 6 to 7 par oant of potash lO fK) 

75 to 80 kg. (165 to 176 lb., say IJ cwt.} of sulphate of potash . 14'0 


Total aO'GO 

whilat by the old process only 90 kg. potfish salts, worth Id to 14 
francs, were obtained. 

Labour is not more heavy than at the potash furnaces and the 
work is less exhaustive, hut there is the extra expense iu coal and in 
acid, which is valued at 5 francs (4 h.) per metric ton of molasses. So 
that the net profit to be drawn from the application of this process 
over and above the jootash salts usually obtained is about 12 francs, 
say in round figures iOs. 

If these figures bo applied to a faotory working 20,0(10 tons of 
molasses, the value of the bye-products to be obtained is (510,000 
francs (£24,400), yielding ,a profit greater by 240,000 fmnes (£9600) 
than that obtained from the potash salts alone. Those figures show 
very well the importanco attached to the recovery of the nitrogen. 
Vasssux’s process is, moreover, wrought in Eraiicc and Bpaiii and 
gives every satisfaction. 

Treatmenl of the Spent Wank by Biobcjiml Jpej^Zs.- Jean 
Effront has studied a new method of treating spent wash by 
biological agents. The problem which he set himself was as 
follow.s: To llud an active substance (diastase) capable, in the oon- 
ditious of actual practice, of converting the organic nitrogen of 
spent wash into ammoniacal nitrogen, the form under which it is 
most easily recovered. This substanoo, called amidase, exists in 
brewers' yeast. In the alcoholic fermentation the amidase of yeast 
and foreign ferments always aooonipanying industrial fermentation, 
does not intervene, owing to unfavourable conditioiiK, It only 
reveals its presence when the yeast finds itself iu an alkaline 
medium and in a non -vegetative condition. After numerous but 
very simple expoTimeutg which demonstrated to him the presence 
of amidase in yeast and its power of converting amides Into 
ammonia, Effront applied his ’discovery to the tieatiiicnt of 
distillery spent wash. This produces very large quantities of 
ferment which is depo.sited at the bottom of the vats; these fer- 
ments separated from the fermented liquid before its distillatioQ may 
be used to treat spent wash. The method of working is as follows ; 
The spjnt wash issuing from the distilling column is cooled to 
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40" to 46" C. (104" to 113° P.), rendered alkaline by lime, soda, or 
salts. One or two kilogrammes of yeast are added per hectolitre 
and allowed to work for 3 or 4 days at 40" lo 46' C, The cnn^'i r- 
sion of amidcb being finished, the aminonia is separated by distilla- 
tion or by ventilation (Kestner method). By this latter method 
the consumptioti of coal is about 50 kg, (say 1 mvt.) per 100 
hectolitres (2200 gal.) treated. By treating molasses speirt wash, 
100 hectolitics (2200 gal.) yield 40 to 45 kg, (88 to 99 lb.) of 
nitrogen, ropresenting a mmimmn value of 40 to 45 francs (32s. to 
3fia.). In spent wash from beets 100 hectolitres (2200 gal.) yield 
10 to 15 kg. (22 to 33 Ih.) of nitrogen, worth 10 to 15 francs 
(8s. to 123,). The expense in fuel being I franc (9-6d.), the fictiial 
profit is remarkable. 

Treating Spent Wa&h hyFermentatmi . — Beeryeast isnot the only 
biological agent capable of converting the nitrogen of spent wash into 
ammonia. Certain soil fetmeiits likewise possess this property. By 
innocuktiug a solution of glutamine by garden soil, the foi-niation 
of ammonia can be demonstrated. Effront, using plate cultures, 
has isolated, three ferments acting on the nitrogen of spent wash. 
One of them was recognized as the butyric acid ferment, and 
Effi'ont has closely examined the conditions which favour its «,ni- 
monkca.l functions. In practice the general conrsc of work with 
this fermeut ia analogous to that of the manufacture of aJcohoJ, 
There is a yeast chamber and fermentation vats ; from the ferment 
there i,s prepared a leaven equal to 5 to 10 per cent of the total 
volume of the liquid to lie ffirnieiited, and it is reiiewed every twenty- 
four hours as in distillery brewing. To strengthen the ammoniacal 
action, recourse is made to aeration to render the liquid strongly 
alkaline, and to the use of agglu tin ants, such as sulphate of alumina, 
which paralyses the development of ferments and produces a change 
in the function of the cells. For the use nf pure cultures, often far 
from cauvenient, garden soil whicli may be very well taken as the 
point of departure of ammoniacal fernientation, may he substituted. 
Efi'ront recommerids to steiilize this earth luixed w’ith the alka- 
liuiaed spent wash for an hour at 70° to 89" 0. (168° to I7C“ F.), this 
sterilization being suflicicut to avoid the ioimation of noxious fer- 
ments without destroying those with an ammoniacal function. 
This soil culture in the spent wash may be used as leaven in the 
same way as those made from ptire cultures on condition that they 
be renewed somewhat frequently. This process was experimented 
on at the distillery of Queanoy-sur-Deule, at the end of the season 
1907-8. Ffom the point of view of yield, the work leaves nothing 
to be dmrfii, and the amount of niti-ogen extracted from the spent 
wash from the manufacture of one hectolitre (22 gallons) of alcohol, 
may be valued as 12 kg. (26-4 lb.) of sulphate of ammonia (say 1’2 
lb. of sulphate of ammonia per gallon of alcohol). In the course of 
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the molasses season, 25 to 30 kg, (55 to 66 lb.) of snipbate of am- 
monia were obtained per hectolitre of alcohol, and it baa been found 
that in the distilling column an appreciable amount of glyeerin© 
perfectly recOTerablft is also separate, Tn treating spent, wash by 
fermentation, almost all the organic matters, including the nitro- 
genous matter, are decomposed. The spent wash from 370 kg. (814 
lb.) of molasses, the appioximatire. quantity to prodiioe 1 heotolitre 
(22 gallons) of alcohol, yields besides ammonia about 35 hg. (77 lb.) 
of volatile fatty acids. The acids which pass over on distillation are 
white and free from impurities. The distillery industry could furnish 
enormous quantities, and it would l)e desirable for- the trade to find 
now outlets for tlicm. 

Ths Manufacture of Cyauamide and of M Urate, of Lime . — 
Atmospheric air is an inexhaustible source of jiitrogeu, Tt is calcu- 
lated that the column of air which covers a hectare (2'17 acres) of 
ground contains about 79,(100,000 kg. of nitrogen (say 79,000 
metric tons, which gives 31,600,000 uietric tons per acre), equal to 
500,000,{X)0 kg. of nitrate of soda (say 50,000 metric tons per hectare 
or 20,000 tons per acre). But nitrogen exists in the free state in the 
air, and to render it assimilable by plants, it is necessary to convert 
it into appropriate compounds. We know that this conversion can 
be effected by certain bacteria of the soil (leguminous bacteria, etc.), 
likewise by certain plicuomeua which occur in nature, such as 
electrical discharges, especially lightning. But the amount of nitro- 
gen brought into the soil in ihis way is far from being Buflficfent to 
cover the requirements of plants, and vigorous efforts arc now bc'ng 
made to capture atmospherical nitrogen under an assimilable form. 
Experiments made enable us to afliim that such is possible. But 
all the tentativea made in this direction show that the induetiial 
fixing of atmospheric iiiti-ogen requires the use of great quantities 
of electrical energy'. There are at present two chief methods of 
manufacture : (1) the Frank and Caro process, (2) the Birkeland and 
Eyde process. The first consists in com bluing atmospheric nitrogen 
• di-y and deprived of its oxvgen with calcium carbide, obtained by 
fusion in the electricaU luvnaee of equal amounts of coal and lime. 
The product so obtained is termed lime nitrogen or cyanamide of 
calcium. The second process consists in oxidixing atmospheric 
nitrogen by elecirical means, and couvertiug it into nitric acid, 
which is put into commerce as nitrate of lime, with 13 per cent of 
nitrogen, which has the greater analogy with nitrate of soda and 
which like the latter is assimilable by plants. The two products 
come on the market as more or ] 0 .ss dark dirty grey powders. 
Their percentage of nitrogen varies from 13 to 21 per cent. The 
followiiig are the analyses given by Orandeau ; — 
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TiUSLE LXXVirr.— AKALTSiES OF CYAN AMIDE (LIME NITKOGEX AND 
NITEOOEN JIME), (GEAKBEAU,) 


JAme Nitrogen EV!!?. 

Nitrogen 30>21 20 

Calcium 40-42 45 

Carbon 17.IH lO-A 

Chlorine — B'o 


The only difference between the two piYidiicta is that the nitrogfen 
lime contains calciam chloride injurious to vegetation. 

Manufacture of Gyammide.—^'' Lirae nitrogen ” is manuiactured 
in Italy by the Societi generale per la Cianamide, the head ulTioe 
of which is in Eonne in association with the Berliner Zyanid 
Geselhchaft. This company lias acquired all the jjateuts and pro- 
cesses relating to the manufacture of cyanamide of calcium and its 
derivatives. It after war<l3 assigned these patents for Italy and Auetria- 
Eungary to the fiocieta Italian a per k fatoicazione di Prodotti azotati, 
which has installed at Kano d’Ortc a factory capable of producing 
10,000 tons a year. It has just acquired at Alraissa numerous 
waterfalls of a force of 50,000 H.P., which will enable it to manu- 
facture 1,000,000 tons per anuurn. Manufacturiug licences have 
been granted in France to the Socletc h-amjaise des prodoits azotes 
at N.-D. of Driancon; to the Soci^te Suisse near Martigny, and 
to the North-Western Cyanamide Co. near Odde in Norway, the 
head office of which is in London, A factory using a fall of water 
of 40,000 Il.P.k in construction in Araciica, and two othei-s respec- 
tively of 2000 and 10,000 H.P. are in constnictiun in Germany. The 
manufacture of cyanamide according to the first of these processes 
lias just been modified by Polzenius, who adds 10 per cent of calcium 
chloride to the calcium carbide used so as to fix the nitrogen^ou 
the mixture at a much lower temperature [700“ to 800“ C. (1292“ to 
1472" F.)] than in the original Frank and Caro process of 2000° C. 
(3633° F.). The product so obtained is called “ nitrogen lime " iu 
opposition to the product " lime nitrogen ” by the old process. But 
this distinction is one of pure form, fur the two products have per- 
ceptibly the eamfl composition. The nitrogen in these products 
costs 1'4 francs the kg. (say fid. per lb.). The factory working this 
process is situated at Westerregein in Germany. It is capable of 
producing 4000 tooa of lime nitrogen per annum. 

Manufacinn of Mitratc of Lwae.-As just mentioned, this pro- 
cess consists in oxidizing atmospheric nitrogen by electric uicans. 
In 1903, Prof. Birkeknd of Christiania observed that the electrical 
disohajges from the alternate current, at an average tension, disper^ 
in the magnetic field, which brought about the combustion of the 
nitrogen in the air, This process had the advantage over similar 
ones of requiring a much lower electric tension, ^y fiOOp volts m 
place of 15,000, and to furnigh much higher yields of mtno acid. 
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The air is burnt in an electrical oven having the form of a drum. 
This furnace vras moditied and improved by Bamuel Eyde. In 
this drum the air is submitted to a temperature of rlOflO'' 0. By 
rapid cooling the nitrous oxide (NO) formed in the eleetnc flame 
is retained almost entirely, whilst in former processes it was in 
^reat part lost. The nitrous oxide issuing from the furnace at a 
temperature of 600° to 700“ C. (1112“ to 1292“ P.) combines with 
the oxygen to form NO^, which is passed through a scries of towers, 
it dually yields nitric acid of 50 per cent strength, which Is satui'- 
ated with lime. The mass is then heated to 450“ C. (842“ F,), which 
is its melting-point, then poured into cast-iron cylinders, where it 
solidifies slowly. In the bcgimiing, crystallized nitrate of lime was 
manufactured which wa,s difficult to use owing to its hygroscopic 
properties. This product melted between the fingers and could 
thus only bo used ’mixed with peat dust. That was wliy they 
afterwards set tliemselves to make basic nitrate of lime; but this 
product only contains ii’7 per cent of nitrogen, which rendered 
its freight charges heavy, and formed an obstacle to its sale. 
Lately, the partially dehydrated salt tested 13 per cent of nilirogen. 
The first manufactory of any importance of this product was built 
at Nofcodden in Norway. 'J.'he experience acquired in that factory 
has induced the mauagement of the company to increase the plant, 
so as to make 8000 to 10,000 tons per annum. This factory is main- 
tained by the Badische Anilin und Sodafabrik, The unit of nitrogen 
in nitrate of lime is sold at the same rate as the nitrogen in nitrate 
of soda, 

Agrimdtivrai Experiments with Oyanamide — Ca.lcium cyana 
mide has of late years been, the subject of numerous agricultural 
experiments by P. Strohmer, 0. Botiicher, Otto A. Stutzer and B. 
Weiu. 

It must he observed in a general way tliat calcium cyauamide 
neither suits humic acid soils (? peaty soils) nor light sandy soils. 
Ou the other hand, it may be used in all loamy soils of average 
fertility. Owing to the form a, ti on of dicyanamide, this nianiiro 
ought to be spre^ at least eight days before sowing and covei’ed in 
afterwards in not loo superficial a manner. The action of oyanamide 
is weaker than nitrate of soda, it is also slower than the latter. 
But as the unit of nitrogen is supplied clieaper by the new manure 
a greater amount can be used to restore the balance. Without 
doubt oyanamide deserves attention. According to the experiments 
of Remy, this manure succeeds very well ou clay soils, less so in 
sandy soils. F, Loebuia has obseiwed that the conversion of 
oyanamide into ammonia in the soil is effected by bacteria, for ex- 
ample by the B. Megathmvm, the myccid and other species in part 
new. We know that the conversion of ammonia into nitrate is like- 
wise effected by bacteria, and according to the researches of G. 
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Mimte anii E. Laine, peat is ati excelleat means fov bdngiug 
nitrifpg bacteria to very great activity. For this purpose the 
i) 0 at is m«ialeued with a aoluticm of aa anatnonkcal salt after having 
mixed it with lime to fix the nitric acid formed. From very de- 
tailed comparative experiment^ by P. Wagner, B, Dorsch, S, Mals 
and M. Popp, “ Land YerBiicht,’' 1907 (Vol, LXVI, p. 285), witli 
cyanamide and various nitrogenous manures, it follows that : — 

1, S'idphati of Ammonia, and Wjfratc of Aw/monia have not shown 
great dlfferencaa in their mode of action. 

2. Carbonate of Ammnia produced in loamy soils exfictly the 
same results as sulphate and nitrate of ammonia. In aandy soils 
it did not act norm ally on the culture in pots axcept at a dose of 
0'75 grammes applied once ; stronger doses were injurioug. 

;i. of Lime acts normally up lo the second dose (1’5 

grammes] in loamy soil and up to the third dose in sandy soil 
^2‘30 gramines). But from that rnoroent there is an injurious action, 
oapecially in loamy soils. The high percentage of basic nitrate of 
lime and the still higher percentage of nitrate of Hmo produce t«- 
jnrioua effects. 

4. Gyamniide in a dose of O' 75 gnu. once applied hiw given 
a favourable result in pots, although a little less than other nitro- 
genoufi manures of equal dose, 

6, Fish (hiano produced an aver-age useful effect of 7B, the 
action of nitrate of ammonia and of galpliale of ammooia being 
.supposed to e(|ual 100. 

6. Green Manures have pn'xliiccd on sandy ground the same use- 
ful flffent, as fish guano in loamy soils ; they were slightly less effective. 

7 , Nitrate of Soda, Chili Salipetrc and Snipkak of Ammonia 
have regularly produced higher yields and a better utiliy-atiou of the 
nitrogen than cyanamide. 

The general result of all those agricultural experiments is the 
following;— 

Tf the value of nitric nitrogen be 6 xpr 0 .sKed by 100, the value 
of the uitrogen iu cyanamide is represented by 90. The lime 
nitrogen acts a little more feebly when its decomposition in the soil 
gives rise to the formation of dicyanamide resulting from the action 
of carbonic acid, liujuic acid, heat and the absence of bacteria. The 
factors which favour the action of cyanamide are uniform distribu- 
tion (fifteen days before the time of sowing), perfect mixing of 
the HiRuure with the soil, sufficient moistuTe to the soil, a loamy 
soil rioh in baoteria, spreading at the latest on 15th February for 
winter plants. 

IMoi for the w of Cyanamide.— Jmmuiori has drawn up 
the following rules for the use of eyanajnide:— 

1. Cyanamide docs not suit humic acid soils, where its action 
is Uncertain and where it may poison plants. 
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2. Foi’ the earns reaeoii ifce use ig nofc recommended in light 
sandy, somewhat torpid soils, especially those with an acid reaction. 

3. All other soils, especially loose Iriable soils, wliich coulain 
enough lime and are regnlarly manured with farmyard dung, may 
be manured with cyanamide. 

This new manure may be successfully applied bearing in mind 
the following obsemitions ; — 

(o-) The dose to use per hectare to bo from 150 to 300 kg. 
(3‘dO to 660 lb.| say 132 to 264 lb. per acre), equal to 30 to 60 kg. 
(66 to 132 lb.) of nitrogen per hectare (say 26'5to dS'B lb. per acre), 
according to the fertility of the soil, 

(b) As the cyanamide gives off an enormous amount of dust 
'which is possibly the most unpleasant defect of this manure, the 
best Lbiiig to do, if a manure distributor be uot available, is to mix 
it intimately with double its weight of not too moist soil and to 
spread it' immediately. 

(c) The spreading of the manure ought to be done clglit to 
fifteen days before sowing, according to IVank, However, when this 
manure is applied to soils which suit it, this delay is not to be 
insisted on (unless in ease of too great drought) ; if it be spread 
three to four days before sowing and snifiably covered in, cyanamide 
completely loses its properties injurious to the germination of the 
seed. 

{d) It is essential to mix the manure with the surface layer of 
soil immediately after distribution, Covering it in with the plough. 
Care should he taken not to spread the manure so long as the 
surface of the soil is humid and very hot. 

(e) In no case should cyanamide he used as a top-di'essing, 
at least until after the crop has been removed, for in that case it 
would be more injurious than useful. 

Drawbach in the Use of Nitrate of Lime.^A. Pitzewitz has 
communicated to the German Agricultural Society the results of 
experiments which he made . this year with nitrate of lime as 
manure. 

" I used,” he says, “ in the spring of this year large quantities 
of nitrate of lime as much on grain crops as ou beets, and I can say 
that from t.be point of view of the results, nitrate of lime has not 
shown itself inferior to nitrate of soda, 

“ Nevertheless, I will take care not to use it again, for the follow- 
ing reasons 

“1. Stored for a long time in casks nitrate of lime suffers con- 
siderable lose in weight. Having left the casks from January in', 
dry warehouses, I found at the time of spreading in April- May, 
1898, an average loss by volatilization of 20 to 25 lb. per cask. Gt 
2. It is very difficult to regulate its distribution by the drill- 
Nitrate of lime, moreover, has the gi-ave drawback of enveloping the 
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.persons about, or following the machine as well as the horses, in a 
layer of tacky dust, so that labourers refuse to apply it. It is there- 
fore for tSat reason that it is impossible to spread nitrate of lime by 
hand, for the hands would be injured, and the wind projecting the 
nitrate of lime about the body would endanger the eyesight. It is 
therefore necessary (1) to find a mainu'e distributor which will 
obviate these drawbacks ; (2) to improve the conditions of presorV' 
ing the product during storage.'' 

To obviate the deliquescent properties of nitrate of lime, it is 
mixed with equivalent quantities of alkaline sulphates, sulphate of 
potash or magnesia, or calclnod kiesenle. The product so formed 
is not more deliquescent than nitrate of soda, and forms a dry 
powder. 

N.B.— The author, following French custom, uses in the text 
the term ckaux azote, “lime nitrogen," for cyanainiile almost 
throughout, but such a term is too vague and misleading. It has 
been altered to the more intelligible trade term. Attempts to 
differentiate the separate products of mei-e variation in manufacture 
in such a vague way as ringing the changes on the precedence nod 
sequence of the two main ingredients, can only create confusion 
where everything is plain sailing. If a distinction were at all re- 
quired, u and oyanamide ought to hove been chosen, Such dis- 
tinctions are as ridiculous aa_“ nitrogen sulphate "and “sulphate 
nitrogen ” would be for sulphate of aminonia from bones and from 
coal respectively. 
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KITKOUENIZED PHOSEUATIC MA.NURES. 

Concentrated manures containing both nitrogen and phosphoric 
acid in important quantities are only represented on the market 
under well-determined forms. Such manures have played a very 
important role in the history of agriculture. They were the starting 
point of chemical manures, and it is through them that we first 
learned to fertilize the soil and to iiicieaso the vcgctablo production, 
otherwise than by farmyard manure. It was only afterwards that 
agriculture came to the large, series of phosphates, potash salts and 
nitrogenous matter which have to-day become the indispensable 
factors of all rural exploitation. These manures are Peruvian guano 
and bones, to which had to be added gradually the different manures 
composed from waste of animal origin described io the preceding 
chapters. 

Peruvian (kmw.—its Compositwn. — L\'k(i phospho-guanos 
already described, Pemvian guano is essentially a product of the 
decomposition of the excrements of sea-fowl. IL has an analogous 
origin, but ia formed in a different manner ; whilst Baker guano 
scarcely contains 1. per cent of nitrogen with about 80 per cent of 
phosphate of lime, Peruvian guano has preserved almost integrally 
throughout centuries the nitiogcnizcd organic matter, owing to the 
climatic conditions which supBi'vsne in the countries where such 
deposits are found. Birds’ excrement (pigeons' and hens’ dung) has 
been known for a long time as a valuable manure; it is dis- 
tinguished by great richness in nitrogen, contrary to what occurs in 
the case of mammals. But the excrements of birds of prey 
(carnivorae) are particularly rich in nitrogen, and the sea-birds 
which produce guano fall exactly into this category ; whilst in fact 
the dried mixture of the solid and liquid dejections of man contain 
on an average 10'4<5 per cent of nitrogen and 3’88 per cent of 
phosphorio acid, the dried dung of the eagle contains 3 5 ’7 to 3 7 '7 
of nitrogen and O' 32 to 3 ’99 of phosphoric acid. This explains why 
the guano of sea-birds is very ricli in nitrogen, whilst the urine of 
these hinds, instead of being liquid like that of mammals, is thick, 
and thus does not penetrate into the soil, 

The deposits of nitrogenized guano extend over a vast surface of 
the West Coast of South America, its quality always varying 
(278) 
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according to the situation of the different deposits. The most 
esteemed kind was that formerly collected on the Cluncha Isles, 
well known to the ancient Peruvians, who came there to search for 
manure to fertilise their wheat and potato fields. But these islands 
are now completely exhausted, as well as those of Ballestaa, Guanape 
and Macabi. It is, therefoie, unnecessary to describe them. How- 
ever, we cannot help quoting the analyses of the samples of guano 
brought froTTi these islands by Alexander de Humboldt in 1804, and 
of some others because they correspond near enough with the guanos 
now imported from these countries (see p. 280). The following arc 
some of the distinctive cbarvactei-a of Peruvian guano, according to 
J. Girard in: — 

It is a dry powder of a pale yellow or mfi au kU colour, but it 
becomes chocolate as it ages or when it is exposed to the air ; it 
absorbs, moreover, in the latter case much moisture, becomes 
beavier and sticks to the fingers. It exhales a strong putiid Or 
ammoniacal odour which indiioes sneezing. It })as a vej'y sharp 
salt taste. It shows in bulk mimerous whitiaii semi -hard concre- 
tions which can Ije. orusbed [.letweer the fingers, and which when 
exposed to the air soon slake and fall to dust exhaling a very strong 
ammoniacal odour. Thrown into water, Peruvian guano soon finds 
the bottom and lets nothing rise; when heated it blackens, burning 
with a feeble flame with production of a strong animoniacal vapour; 
the residue which it leaves is in the form of a while slightly bluish 
cavernous slag; the weiglifc of this residue only va.rifts ])etween very 
near limits, 27‘5 to Sfi per cent. 

Triturated with powdered quicklime, Peruvian guano immedi- 
ately gives off a strong ammoniacal odour. When thrown info a glass 
contain mg a conoerkated solution of chloride of lime, it soon gives 
rise to disengagement of bubbles of ga.& whicli continue for a some- 
what long time. In contact with hydrochloric acid, it only pro- 
duces a Blight ftffei'vp.ficence ; moistened with rritrie acid and dried in 
a poreekin capsule, it assumes a tine red colour. Fhially, this 
guano only rarely contains silicious pebbles, and it contains only 1 
to I’S per cent of sand ; the maximum is 2'5 to 3 per cent. 

In this same report Gimrdiu gives the analyses of thhteen samples 
taken by hinisoH oii boai'd ship on their arrival in Havre. This 
document is so interesting that it will he useful to reproduce it here. 
The guanos delivered, after w<anis were less rich in nitrogen and 
more rich in phosphoric acid than those whicli gave the old 
analyses. Tba.t is not surprising, n.nd each new sample yields 
different results; for on the one hand the workmen entrusted with 
collecting it arc not careful enough, pn the other hand the deposits 
are continually altering under the influence ol moisture, however 
smaU the rainfall in these countries. But the ehemical tausforma- 
tion of the guano is not the same in all the parts of a deposit. 
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TABLE LXXIX.-ANALYSES OP PBEUVIAN GUANO. 



According to 

Composition, 

Vauqnelin 

Eoumray. 
Eoi’ cent. 

Klaproth. 
Per cent. 

Umtc of ammoDia 

9-0 

16-0 

Oxalate of ammonia 

10‘6 

_ 

„ lime 

Phoaphate of ammonia 

7-0 

12-75 

6-0 


Double phosphate of ammonia and magnesia . 

2-6 

_ 

Sulphate of potash 

.i)>5 

_ 

„ soda 

Sodium chloride (oommon salt) 

.TS 


_ 

0-50 

Ammonium chloride ....... 

4 '2 



Phosphate of lime 

113 

10-00 

Clay, sand, etc, 

4-7 

32-00 

Water and organic matter 

32-8 

1 100-00 

28-75 

100-00 


TABLE LXXX.— ANALYSES OF PERUVIAN GUANO. 



hark Yellow 

Guano from 



Guano 

(Odlacher). 

Liverpool 

Gnano 


(Bartel). 

IVoelcker). 

Urate of ammonia .... 

12-20 

,3-111 

1-0 

Oxalate of ammonia . . . , 

17-73 

13-351 

10-6 

„ lime 

1-70 

16-,3lin 

7-0 

Phosphate of ammonia 

Double phosphate of ammonia and 

6-90 

6-250 

6-0 i 

inagncgia 

11-63 

4-196 

2-6 j 

Sulphate of potash .... 

4-00 

4-227 

5-5 1 

„ soda 

4-92 

1-119 

3-8 

Common salt 

0-40 

tl-lCO 

1 

Ammonium ohloriilc .... 

2-26 

6-500 : 

4-2 ! 

Phosphate of lime .... 

20-16 

9-940 1 

14-3 

Carbonate of ammonia 

0-80 




Humate of ammonia .... 

1-06 



_ j 

Phoepbate of soda .... 

— ! 

5-291 

_ 

Carbonate of lime .... 

1-65 

0-60(1 


Waxy matter 

0-75 

6-904 


Send and clay 

1-68-, 



Water . . 

4-Ql \ 

22-718 

4-7 

Organic matter and undetermined 

8-26 } 


32-3 


99-40 

100-000 

92-0 
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Thus, Jcaiviag out of acraunt the supedcial lamellary layer which 
obviously contains the most recently formed guano, a layer the 
stratifications of which, may be compared to the annual rings formed 
in the trunk of a tree, three superimposed layers may be distinguished 
in the deposit— the superficial bi-own layer, the middle yellow layer, 
and the lower brown layer. The richest guano Is that of the 
middle layer. That of the upper and lower beds is the poorest. 
This fact is easily explained by considering the iocfissant phenomena 
incidental to the formation of these kind of deposits, 


TABLE LXXXI.^ANALi'SKB OE I'EHUVIAX GUANO, 



1 

■ s' 

3 


5 

0 

Water . . 


20-054 

17-160 

20-300 

11-100 

17-520 

Ssind and pebbles 

1‘2000 

1-250 

1-000 

1-190 

10-400 

15-400 

Phosphate of lime . 

2P000 

24-000 

24-500 

28-000 

25-500 

S7-000 

Other inuoluble snUa. 

2-6000 

3-000 

0-500 

2-700 

20-700 

ll-2.3fi 

Potash 

0-0648 

2-310 

2-804 

1-061 

2-180 

2-163 

Other soluble salts . 

5-0352 

2-981 

4-30G 1 

0-239 i 

0-92 1 

1-380 

Orgaiiio matter and 
aiuinoiiiiMial sails . 

57-2100 

d(;-390 

i 

49-640 

1 

' 46-510^ 

1 

29-00 1 

15-300 


100-0000 

100-000 

100-000 ' 

1 100-000 

100-000 

100-000 

Nitrogen per cent 

11-30 , 

12-18 

18-47 1 

, 14-58 : 

11-30 1 

2-66 

Ammonia „ 

4-90 

8-230 

7-04 , 

1 4-90 

1 

2-29 1 

2-30 


TABLE LXXXII.— ANALYSES OP TERUVIAK GUANO. 




■ 

** 

0 

10 

1] 

1-3 

u 

VYater . 

18-800 

12-740 

15-025 

19-740 

21-500 

15-300 

18-00 

Sand and pebbles . 

4-300 

3-710 

2-345 

2-280 

17-700 

20-000 

16-00 

Phosphate of lime . 

40-300 

16-000 

31-800 

34-800 

35-600 

11-500 

33-800 

Other insoluble salts 

5-800 

38-200 

25-200 

23-200 

1-100 

18-850 

12-800 

Potash . 

2-026 

0-771 

0-578 

1-824 

2-500 

0-676 

0-4824 

Other soluble salts . 

10-974 

14-32!) 

13-622 

8-57(1 

0-300 

2-874 

8-8176 

Organic matter and 
amtuoniacal salts . 

18-100 

12-250 

11-530 

9-580 

91-800 

31-300 

10-600 


100-000 

100-000 

100-00(1 

100-000 

lOO-OOO 

100-000 

100-0000 

Nitrogen per cent . 

4-48 

]-26 

1-S2 

1-09 

4-62 ' 

4-12 

1-250 

Ammonia „ . i 

i 

1-416, 

0-183 i 

0-163 

1 

0-176 

0-76 

traces | 

traces 


Although ram is very rare in these countries, the suiface of the 
deposit is none the less moistened in a more or less constariit 
maimer by the mists and fogs of winter. Now, moisture by its 
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presence alone diminishes the value of the guano of the superficial 
bed, besides it dissolves salts of potashf ammonia, lime and magnesia 
in so far as they are soluble and cjauses them to pass Into the middlo 
bed. To this downward transition there is a corresponding ascend- 
ing transition from the lower beds. In fact the guano of the 
lower hed in contact with the soil is in a state of incessant 
decomposition, and gives off ammonia and carbonate of ammonia,, 
which being very volatile ascend towards the top. The two opposite 
cm-rents meet in the middle zone. The dissolved earthy salts fix 
the auimouia, which is tlius converted into stable compounds. It is, 
therefore, easy to understand that the middle bed ought to be the 
richest in nitrogen, especially in amnioniacal salts. If this transfer 
of matter in itself sufficiently explains the great differences in com- 
position revealed by analysis, it is not the solo cause. . Peruvian 
guano does not wholly consist of the excrement of sea-fowl. 
Remains of seals and other marine animals arc found in the lower 
beds in a state of curious preservation. It is, therefore, right to 
admit that these islands at a previous epoch when they were lower, 
served as a refuge to a great rumiher of these a.niina.Is, and that 
after they had become inaccessible owing to their volcanic upheaval 
they were the home of sea-fowl. This hypothesis enables us to 
understand why the brown guano of the lower bed is of less value ; 
for the flesh and the decomposed bones of which it consists are less 
rich in nitrogen than the birds' excrement. The composition of 
guano, therefore, varies according to whether it cotticb from the 
upper, the middle, or the lower bed of the deposit. The concretions 
(nodules) of the upper bed have a composition identical with that of 
the powder in which they are omijcdded. 'Their colour and their 
structure enable one at first sight to recognize the guauo from the 
surface bed. The nuts of guauo from the middle bed are dis- 
tinguished from the surrounding mass by their colour, which is 
paler, sometimes almost white, and they contain a crystalline nucleus 
or have a crystalline structure here and there. They consist chiefly 
of ammoniaoai salts, oxalate and carbonate, and consequently con- 
taiu more nltix)gen than the guano in which they are embedded. 
The difference is as much as about 1'5 per cent, and much more 
in the case of very pure piece-s. The nodules, the analyses of 
which are given here, according to Karinrodt and Pliipson, come 
undoubtedly from the middle bed. They contain : — 
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TABLE LXXSIII— ANALYSES OF GUANO PROM MIDDUR BED OF 
PEKUVIAN GUANO DEPOSITS. 


Otitl&te of am ni nnifl 
Cad'bountc uf aiUimuniKj . 
Urate of mmooia 
AlAalme urateB 
Nitrogenized organic matter 
PIlOUphRl,!} of ]^l,Hsll 
„ soik 
„ ammonia . 

„ lime (mnnunid) 
Carbonate of lime , 

Sulphate of potash . 

,1 lime 

Mag n 6 Ri a a nd chlo ri np, . 
Moisture 


Karmrcdf. iViy;s£>ji. 
Per cent. Pet cent. 
4HS 

4'Ob - 

- i-o;i 

10-17 - 

O-o:! - 

9-08 

7-57 

- 1-14 

- Dili 

7 ’19 traoen 

3- 10 tvanpK 

7-40 10 -!» 


10(1-00 loo-no 


The lower beds of the deposit consist chiefly of suits of the 
tilkaline eartlis, and tlie aggregations which are met wltli have also 
the same composition, ft i.s sulphate of potash which predominates 
in the nodules of these beds. The following is the aimlysk of one 
of these uodiilcs, accordiDg to Kraut : — 


TABLE LXXXIV.-ANAIA'SIS UF PERUVIAN GUANO NODUI-ES 


(LOWER BED). 

Sulphate of pofaRh . 

„ «0(k 

„ ammonia 

Oxalate of (iiiuiwiiia . 

Pho Bpha t e 0 f annno II i 11 ( bftJ i c) . 

„ „ (monacid) 

Organic matter .... 

Insoluble 

Water 


Per amt. 
. 4.')-fU 
19-32 
1023 
!t-H 
12-Ot) 
4-78 

0 - 94 

1- 90 

2- 00 


Aa observed above, tbc percentage of nitrogen in Peruvian guano 
variee between 3-76 and 9-3'i, it is therefore much lower than about 
1860. The Cliiiicha islands deposits have a, composition some- 
what like those of the old guano, as the following analyses of the 
Halle experimental station show. vvw? 

The Kuano of different cargoee contained (see Table LXXNV, 
p. 284). As will be seen fuirthar on, guano is no longer sold except 
in' the dissolved state. As guano, leaving its nitrogen out of account, 
consists mainly of phosphoric acid, in the form of phosphate of hme. 
it is, most generally, insoluble in the crude state. In eertam very 



OHEWICAL MANURES. 


favourable circumstancea, mieJj met with, it becomes soluble in the 
soil, owing to the nitrogenous matter with which it is mixeci. But 
beyond these conditions, It is no more soluble than the guiano from 
Baker's Island, and consequently it is inactive ; it is no longer sold 
except in the soluble condition. 


TABLE LXXXV.-ANALYSES OF DIFFERENT CARGOES OF FBEUVIAK GtJAKO. 



I. 

11. 

ni. 

IV. 

V. 

VI, 


Per ccait. 

Per cent. 

Per cent. 

Per cent. 

Per cent. 

Pea- cent 

Phospharic acift, 
total . 

Phosphoi'LO acid 

fl-70 

11-40 

0-0 

9-25 

8-05 

10-30 


soluble iu water . 

2-E5'| 

4 -2, 'll 

2-15’] 

2-40 \ 

. 2- Sal 

5-251 

Thoepboric aoid 
soluble ia citrate, 

U-ss 

7 -OS 

U'TS 

l7-30 

l7-26 

Itos 

after Petermaun 

4-60 J 

3-7oJ 

4'6oJ 

4-9oJ 

4‘7oj 

1 -soJ 

Xitrogen, total 

8-80 

13-85 

14-00 

8-90 

8-85 

8-60 

„ ammoni- 

acal . 

1-95 

3-05 

1-85 

2-40 

2-65 i 

7-20 

Nitrogen, nitric . 

O'OO 

0-05 

0-00 

0-10 

0-10 

0-05 

„ oigHDic . 

Fotasb . 

6'25 

10-25 

13'75 

G-40 

G-lO 

1-85 

2'10 

3-05 

2-45 

1-05 

3-30 

4-25 

Of total phosphoric 

acid, soluble in 
water and citrate, 
per cent 

8,S-.S3 

(19-7 

7.7:0 

79-0 

83-n 

68-4 


Disnoived PftrmuLn Guano . — Under this designation the Anglo- 
Continental Co. deliver a special sort of guano with a guaranteed per- 
centage of 7 per cant of nitrogen, 9 ’5 per cent of phosphoric acid 
soluble m water ( = 10 to 11 per cent of total phosphoric acid], and 1 
to 2 per cent of potash (== 2 to 3-5 of sulphate of potash). As guano 
is generally loaded into ships in the bottom of the hold as ballast, 
a part of the cargo is perforce drenched with sea water, In the 
early days, importers placed Ibis damaged portion on one side; 
but it ended in locking up considerable capital, and means had to be 
taken to unlock it. Attempts were made to diy tlie damaged guano 
and to sell it cheap to farmers. But this method of utilizing 
damaged guanos had numerous drawbarcks. Nothing in fact could 
distinguish it from the guano wliicb had not been drenched, neither 
the outside appearance nor the smell, nor the chemical analysis 
itself, which showed the same percentage of nitrogen as normal 
guano. 

The importers carefully considered these drawbacks. Accord- 
ingly, acting on the advice of the chemists, tlicy attempted to 
improve the damaged guano by dissolving it with sulphuric acid. 
As the manuie so treated gave good results, the result was that this 
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treatment was applied to all guanos indifferently, so tliat for the 
past fifteen years, 9S to 97 per cent of the dissolved gnanos was 
produced, from non-detariorated guano. In the later contracta 
between the Peruvian Government and the Peruvian Guano Co., 
this state of things has undergone no alteration. The piocess used 
to dissolve Peruvian guano is as follows 

As the guano exists in big lumps in the raw state it must first 
of all be ground to a fine powder. As it would be idle to pass all 
the mass of guano through the orusher, the latter is combined with 
a slinking sieve to separate the powder from the big lumps, which 
are alone ground,^ The crusher also eliminates from the guano 
stories (granite) 'brought from the deposits, which when they are not 
too large are fixed between the bam of the machine, from which they 
may be removed. In this way about 1 per cent of stones is ob* 
tained, wEich is debited against the supplies of the guano at the 


puroliaae price. 

The powdered guano thus obtained is then mixed with 22 per 
cent of its weight of sulphuric acid of 66“ B., sp. gr. 1'84 (168’ Tw.), 
01 ' with the equivalent of the acid at 60’ U, As the phosphoric acid 
exists as dibasic phosphate, the solution requires uo plant, and ia 
done by simple shovelling, The material is then laid in heaps, 
where it solidifies. When the reaction is finished, the gnano is 
again passed through the crusher to reiluoe it to powder, the form 
under which it is put on the market. Dissolved guano contains 
5 to 7 per ociit of nitrogen and about 10 per cent of soluble phos- 
phoric acid ; it is sold with a guaranteed analysis.^ 

■ As the Anglo- Continental Guano Co, can only supply a product 
■ of uniform analysis, by carefully sorting and mixing the raw guanos 
and not by the addition of foreign matters, sulphate of ammonia, 
etc,, it follows that the constant decrease in this nitrogen content 
of the raw guanos reacts also on that of the dissolved guauo. 
Since 1878 the guano has been delivered uniformly with 10 ^r 
cant of phosphoric acid and 5 to 7 per cert of nitrogen, at the wish 
of the buyer. Dissolved guano has a considerable adyaihage over 
raw miauo-that of acting with absolute cortiimty. If the phos- 
phoric acid of raw guano dissolvo in the soil, when the temperature 
conditiong lend themselves thereto, it U precisely this subordination 
which lessens its value and renders it illusory. Aa the solubility 


> Tbc anlhor seeiiiB to the translator throughout the manufaiituiiug smUoh 


the Fcrtiliacra Aet. — Te. 
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of the phosphoric acH, moreover, depends on the percentage of 
alkaline salts in the gnano, pi-esent day raw guanos are much less 
soliibie than the old Ohincha guanos. Farmers were, ..therefore, 
Justified up to a certain point in attributing to the old guanos now 
exhausted a characteristic specific action, not only because these 
guanos contained 12 per cent of nitrogen against 7 per cent in the 
present products, but also because the ammunlacal salts present 
are insufficient tn bring the phosphoric acid to a soluhle condition 
in the soil. 

By now using KW lb. of ra.w guano with 7 per cent of nitrogen 
and 14 per cent of phosphoric acid, the sanie results would be 
obtained, as foimerly with 1)8 lb. of the old guano (containing 12 
per cent of nitrogen and 12 per cent of phosphoric acid), mixed 
with 20 lb. of 36 per cent phosphoric acid and bone ash. It 
follows that the use of raw guano in these circumstances would be 
sheer waste of phosphoric acid. Taking it for grAnf,ed tliaf, all the 
phosphoric acid of the old guano was soluble in the soil (which is 
not absolutely demonstrated) , it may be assorted with certainty that 
only the half of the phosphoric acid is soluble in the guano of the 
present day. Now by dissolving the guano the farmer can utilmc 
all the phosphoric acid present in the manure. Another advantage, 
which dissolved guano has over raw guano, is that its nitrogen 
cannot be volatilized nor conseijuently lose its nitrogen in the air. 
Ail the carbonate of ammonia is converted into sulphate, and if 
new portions could be formed it would at once be fixed by the 
sulphuric acid. 

Finally, dissolved guano is more easily applied tha.n ra-w gnaho; 
it contains neither lumps, which oblige the farmer to crush it, nor 
dry powder, which, spread in stormy weather, lost itself in the 
neighbouring field. Dissolved guano is in the form of a moist but 
not tacky powder. - The farmer has so well uudcrslood these ad- 
vantages, that he has given up the use of raw guano,^ 

1 The farmer has ao option but to pve up what is not available. When 
the olrl ^Uftno was applied to gni.iti ornpfi at tlie time nf eorying it waaapplirtl 
broadoMt, and iu the north-east of HeoUand by an experienced man who dis- 
tributed it with both hands, swinging them rhythmically, and alternately throw- 
ing to ttio left with hie right hand and to the right with his left hand, iu a 
manner to be seen to he appreciated. If these farmers could get the old guano 
back again they would soon find means of applying it. In former days the bags 
were distributed over the held, and the requisite amount carried by women on 
their heads, in a wide sieve-shaped vessel with a leather bottom, to the man sowing 
it, the whole forming a piotnresqne scene when the man distributing the manure 
had the knack of swinging his two hands nlrnosl BlmultiinoDiiBly and in uppositc 
direotion. Grain was sown in the eame way. If the gnano burned the clothes 
and got in the eyes that only showed its virtue. Now the farmer only gets the 
dead body, whose spirit, volatile ammonia, has departed. The sulphuric acid has 
killed it hy fixing it, even if it has dissolved the phosphates ; besides it must be 
remembered that the sulphuric acid used to dissolve it only costs £2 per ton at 
the mofit, and that the cost of the gnano tn the oonoessionnires is diminished 
pro rctfo.— Te. 
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Other NUrogmticd GiianoL — Amnu|»8ti other Jiitiwenizet? 
gaan^, mention mnst be of Ichaboe guano [lehaboe is an 
iSJUiUd onAhe West Coast of Africa). This nianui« has been known 
for a long time, hut was never of very great commercial importance 
hfioause the lirst arrivals only contained 8 per cent c£ nitrogen ami 
20 per cent' of phosphoric acid ; those which followed testefl less and 
less. lohaboc guano Kither approaches phospho guanos, fjattcrlv 
now deposits of guano have been found on the island of Ichaboe, 
formed by sea-fowl, and not ihutiaged’hy moistme. Tiic percentage, 
of nitrogen in this guano, which couUins feathers ami the uii- 
decomposad carcases of birds, rises to 14'4 per cent, and its 
phosphoric aoid eonlant to 17'6 par cent. 

Different deposits of guano were discovered a long time ago 
on different points of the African coast, such as those of Algoa Bay, 
Saldaiiha,, and those of Capo Colony, But these deposits, almost 
all exhausted by moisture, never liad a great importance. 

Seal Seal guano has been found in several jarts of 

the West Coast of South' America, in the Bay of Eeirol, in the 
Lobos Isles, and in the Isle of Tortuga. These deposits arc even 
now the habitat of seals, so that (ihey are incessantly being formed. 
In the Lohos Isles, the guano forms a lied 70 metres (say 230 feet) 
thick at many points; it consists chiefly of the eareiises of animals, 
bones, fur, hair, etc., all slightly soluble substances. This guano 
contains much less nitrogen than time Peruvian guano ; it is analo- 
gous to the guanos of the lower bed of the Chinchas deposits above 
mentioned. 

Bat Guarw.— Thera was formerly on the raaiket a guano of 
this kind, under the name of Sards guano. Stockhardt found in 
that jiroduct:— 


TAJiLK liXXXVI.-AXALY,SJ« Q1-' HAT OUAXO. 

I'er O’, Hi, 

Nitrogen 3’Cl.> 

rhoBphftte of lime slA'311 

Alkaline salts 


It consists chiefly of bat exerements mingled with the dead 
bodies of these animals. Bat guano is found in grottoes and rock 
fissures, on the shores of the Meditcnancan, in Brazil, ifiingary, 
France, neswr Vesoul in Egypt, The largest deposit up to now is 
that of Kolumbaoz, on tie Danube, which contains 4000 tons of 
guano. 

Hungarian Bal Crwaw contains, according to Bcheibler, 1 '88 per 
cent of nitrogen and 11 '64 per oeut cl insoluble phosphoric aoid; 
it is only, therefore, of small value. The guaao found in the 
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neighbourhood of Cracow is richer. It forms a brown mixture of 
excreiriButB and bone debris. Analysed by Krocker, it gave ; — 

TABLE LXSXVII.-ANALTSIS OF HTINGABIAN BAT GLAXO. 


Per unt. 

Moisture . . . . ' . , . 7"5ti 

Combustillc matter 75’20 

Ash 17-20 


Its total nitrogen coateift is fr-oin 9‘170 per cent, of which 
3'60 per cent is as ammoniacal salts, 0-118 per cent as nitric 
nitrogen, and 5‘452 as urea, and other organic bodies. The ash 
consists in part of phosphate uf lime, in so far that the phosphoric 
acid content is 3'825 per cent. 

Egyptian Bat Guano contains, according to Popp : — 

TABLE LXXXVIIL-ANALYSIS OP EGYPTIAH BAT GUATJO. 

Urea 

Uric acid . . ' . 

Creatine , I . . 

Plii)B[jhatc cf lioila (mouaioid) 

Insoluble .... 

MoUture .... 

99-385 

This guano is not only the richest in niti-ogen of all guanos found 
up to now, but inuroover of all nilrogeuized manures. 

Eboli Bat Guam (province of, Salerno) contains, according to 
Dr. G. Paris, 2-996 per cent nitrogen, chiefly nitric nitrogen. There 
is also found : — 

TABLE LXXXIX.-ANALYgIS OP EBOLI BAT GUAXO. 

Per ce^^t. 

18-20 
39-11 
52-87 

100-18 

The ash contains 20'69 per oent of phosphoric acid, of -which iV'Qfl' 
per cent is soluble in citrate. All these deposits are comparatively 
unimportant. 

Conclusion. — Fifty years ago Peruvian guano completely 
dominated the manure market ; no other artificial manure could at 
this epoch meet the wants of the farmer.^ Nitrate of soda was too 

iTke old ravr I’etuviaa guano vi&i exceptionally highly esteemed by the 
farmers in Scotland, -where the trarialator burs also seen it in bags branded, 
“ammonia fixed” in the early ’sixties. The ra-w guano suited the soil and 
climate of the Moray Pirth coast better than any other nunute.— Tn. 


Moisture ■ 
Organic matter 


77-800 

1- 2S0 } 

2- 5.'>0 J 
1.8-450- 

0-573 

3- 000 


Average of 37 analyses : 
I nitrogen 37 per oent 

I (soluble phosphoric 

acid 7-18 per cent). 
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high in pricB, the manufacture of sulphate of ammonia was in its 
infancy, that of superphosphates was just commencing and could 
only maintain itself with a groat stmggle in presence of guano ; the 
preparation of bone manui’es, although well advanced at the 
time, was limited iri its scope by the poverty of the inw material. 
Under these conditions, Peruvian guano was the sole regulator of the 
price of nitrogen and of ]}hosphoric acid on the International 
market, 

To-day the situation is not the same. The improvement in 
the condition of manufacture in the nitrate districts enables the 
concessionaires to flood the European markets at prices which 
formerly would liave been regarded as ridiculous. Tlie production 
of sulphate of ammonia in gasworks pursues an ever-increasing 
progress. The exploration of the Pacific Ocean is always discover- 
ing new islands of phosphatlc guano. Enormous deposits of 
phosphases have been discovered. Finally, blast furnaces furnish 
the farmer with large quantities of phosphoric acid in basic slag. 
The 2 or 3 per cent of potash supplied by Peruvian giiano is 
largely replaced by Stassfurt, salts, Asehersleben salts, etc. This 
abuiidanee of manure is very reassuring as regards the futum, and 
the near exhaustion of the phosphatlc guanos may be regarded 


without apprehension, 

X5ut it is not so as regards nitrogen, which only forms a part 
of guano. For however important may be. the resources of the 
farmer from this point of view, and although he now only utilizes 
human exere,ta to a slight extent, nitrogenous mainircs a.re none the 
less the. dearest, The discovery of Hellrlegel of plants (japablc ol 
fixing atmospbevift nitrogen through the intei’vention of ccrlain 
bacteria, now enables the farmer to economize on nitrogenous riiim ure. 
Kumpler quotes n rural farm which collects 40 tons of beets to the 
hectare (16 tons to the acre) with a very high percentage i)f sugar, 
and using only a small amount of nitrate, by ploughing in green 
manures | vetches (tares)J and completing them by a strong ap- 
plication of superphosphate. Green maiim-mg completed by a 
good dose of phosplioric acid, potash and lime, forms the manure 
of the future. It is likely to revolutionize all the present-day systems 
of farming by freeing 'the farmer fi-cm paymg tribute to exotic 
nitrogen. In any case it holds the key to the solution of the ex- 
hauatioja of guano question. . . i 

Fuh Gmno.-nutorml ii«nwn-The sea ,s an ^ 

store of fertilizing matter. Independent of its own , 

incessantly receiving organic and mineral matter 
soil or detached fro£ the mountains hy the ram of 
over, it receives the human excrela which civilized 
the rivers. All these materials contribute 
bug fertility of the sea. For many years the sardine hshmg 
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baen a< highly important Rouree of profit to the iahahitantR of the 
Brittany coast, and haa powerfully contributed to maintain a sailor's 
nursery. As far back as 16G0, in the single small village of Port 
Louis, iOOO barrels of sardines were packed annually. Up to 1823 
the only method of preserving sardines consisted in salting them 
and pressing them in barrels ; they were thus put on the market 
under the name of “pressed sardines This method of preserva- 
tion was replaced in 1824 by a new process known under the name 
of Ampere [? AppertJ, its author. This process consists in removing 
the head and the viscera from the sardines, and to pack the latter 
in tinned iron boxes, in which they are preserved in oil after haying 
undergone a preparation known to everybody nowadays. This 
now method produced much waste of eonaidcrable fertilizing 
value for the soil. However, this debris was not utilized; in the 
beginning it was run into the sea, where it was lost without any 
profit-. It was only in 1 847 that Demnlon conceived the idea of 
utilizing it as a manure. He desired first of all to use it in the 
raw state, but as he received it at a time when the crops had been 
already laid down, he was obliged to 4itoi'e It for a certain time. 
It then putrefied and became a pest to the neighbourhood. Uemolon 
than tried, to store it by a more efficaeiouR and less annoying pro- 
cess. After having tried different means he conceived the idea of 
boiling it. In that way he succeeded in extracting the oil, then he 
dried it and reduced it into cakes which kept as well as oil cakes. 
In 1850 he built a factory In Newfoundland to treat there the 
debris left from the cod-flsbing. The plant of this factory consisted 
of six boilers to boil the fish, sixty presses, two graters and four miUs. 
The whole was driven by four small steam engines. The fish 
as it came to the factory was fed into a revolving hori/iuntal steam- 
jacketed pan. The steam entered through the centre of this pan, 
heated the double jacket, and in ten minutes the fish was cooked. 
The door of the pan was then opened and the fish fell on to an 
inclined plane. The water and oil fell into a reservoir, and the 
solid parts were pressed, enclosed in Hoourtim analogous to those 
used for the extraction of olive oil. The products were afterwards 
dried in a stove with a superficies of 9(K) metres (say 3000 fi). 
Finally, the oil was run into a sufficient number of vats. . When 
the fish debris was boiled, pressed and grated, it was placed on 
frames lined with cloth wliich pushed each other through the stovo, 
80 that after half an hour the completely dried debris fell into a 
hopper and thence into mills in which it was pulverized. 
Without boiling the fish it oould never bo dried completely 
or the oil extracted. By boiling, the oil was extracted, which 
sufficed to pay all the costs.' This manure ooutained 5 per 
cent nitrogen and 49 per cent phosphate, and was sold at 30 francs 
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the 100 (128. % owt,, £12 a ton). But this new industry injured 

too many interests. Demolan and his partner were circumvented 
by speculators, who, once masters of the factory, found nothing 
more urgent to do than to deinulish it, Deinolon’s idea was not 
long in being taken up again in Norway, where fish manure was 
made after the same process, then in America, especially at Boston, 
and in Great Britain, always acoardingto Demolon's process, .lules 
lioreaii & Co. have built at Kcraevel, near Lorient, that is at the 


door of the sardine factories (sardines A I'huile), so numerous in these 
districts, a factory where they convert into manure all the detritus 
coining from these factories. This debris, which consists largely 
of heads, cartilages and intestines, is received at the factory on 
tables or sloped floors which allow the brine charged with blood to 
drop into a pit, whence it is afterwards drawn off % a pump ; there 
is thus a liquid and a solid portion. The liquid portion, that is the 
brine mixed with a certain quantity of oil which is separated to lie 
sold, is delivered to the local fjii'mcrs, who utilise it to enrich 
their farmyard dung and especially for fertilizing meadows. 

A propoi-tion of ten to fiftcou barrels to the hectare (say four to 
six barrels to the acre) is sufficient to produce very good 
crops. This manure undergoes an ammoniacal fermentation 
in the pit and its action on vegetation is most eneigetic ; it 
should therefore only he used on moist ground, as after min, for 
example; on analysis it shows a proportion of 1'34 per cent of 
nitrogen. The fish debris after draining is lilted, made into a heap 
and boiled over a naked fire, when a little water is added and di^i- 
brine ; the boiling lasts two hours for iOO kg. (8d0 lb.) of saidine heads. 
After boiling, the material is piled in layers, between two wrought- 
iron plates and submitted for five houm to the 
from which it issues in the form of a cake. The 400 kg. (bdu lb.) 
yield on an average 100 kg. (220 lb.) of cake with 25 per cent of , 
water. This cake is air-driei and then pulverized in a fiatstone 
mill, whence it issues ready to be delivered to the farmer. A pair 
of liatstone mills yield 1 ton to 4 tons of ground cake m twelve 
hours, accoiding as the weather is more or less dry. ihe average 
composition of this manure is the following . 


TABLE Xi;.— ANALYSIS OF BBITI'ANY HSH GUANO. 


Volatile 

matter 

Agh . 


Water . * - • ■ ' 

■I Oi^anie matter , . • • 

I Nitrogen 

. Fhosphftte d lime . ■ ,• • 

J Carbonate oj lime and (alkaline) salts 
I Silica 


511-50 \ 
()‘50 i 
28-00 ^ 


5-00 

.57-00 

as-oo 


100-00 
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This fish manure, which is in great part delivcrcil to the fanner 
as it is, is also used at Kern eve! in the manufacture of cx)ra- 
pound manures and in that of phospho gnano. The chief compound 
manure, which is sold under the name of Breton Manure, is merely 
fish cake mixed with a sort of fucus (seaweed) extracted at low 
water, As to the phospho guano, it is manufactured by treating the 
crushed fish cake with sulphuric acid of 00“ B. Next morning it 
forms a paste and ends by drying. It is advantageously used for 
different crops, particularly for beets. It contains on an average 2‘5 
of nitrogen. In Brittany the sardine industry commences at 
Croisie and ends at Donarnanez; it yields about 6000 barrels of 
sardine heads ; a haiTel of 225 litres contains on an average 30,000" 
heads. 

Manufcu)ture of Fish Gimio in Norway . — At the present day 
fish guano is manufactured chiefly in Newfoundland and on the 
islands of the Norwegian coasts. The most important factories of 
this manure are in the Lofoten Isles to the north o( Bergen. The 
fishing industry, which is very important in the North Sea, and 
iho flesh of which is sold under the name of cod, yields a very 
abundant raw material ; the head, the fins, the intestines, etc,, are 
utilized, Norwegian fish gnano perceptibly resembles steamed bone 
dust, although it does not occur in the same pulverulent form as 
the latter. The process generally used is the same as that for 
making bone dust. The fish debris is steamed, dried, and gi-ound ; 
steaming presents certain difficnltifts. When the digester described 
on page 264 is used, the material cakes so that the steam cannot 
pass through it ; steaming is therefore too strong on the edges and 
the material is too much dege latinized, whilst the ecnti’o escapes 
steaming, To remedy this drawback, the firm of M. liViedrich of 
Tlagwitz, near Leipzig, has bidlt a horizon tal digester, an interior per- 
forated cylinder revolving around an exterior cylinder. The material 
to be treated is fed into the interior cylinder ; it is heated by steam 
which is injected into the exterior cylinder ; then a rotary motion 
is imparted to the first, the effect of which is to turn tho material 
over unceasingly and fn renew the surfaces in contact with the 
steam.. The gelatinous solution is separated through a tap at the 
bottom of the apparatus, and it is evaporated to transform it into 
solid gelatine. After coo king, the material contains a rather large 
proportion of water. That is why the material is dehydrated before 
passing it to the drying machine by passing it through either a 
hydraulic press or a centrifugal machine. A greasy liquor is thus 
obtained which separates a little oil on standing. The dry material 
is crushed in the same way as bones. For some years back fish 
guano has boon treated by sulphuric acid. It contains on an average 
7'9 per cent of nitrogen and 12 to 16 per cent of phosphoric acidL 
The following are the analyses of several Norwegian guanos 
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TABt-E XCI,- ANALYSES W NOLI WE WAN FISH GUANO. 


1 j Per cent, j 

Per cent. ' Per cent. Pet cent. Per cent. 

Water 

,i 12-30 ! 

1 18-44 13-02 10-d4 6-05 

Orf^aiiiu matter ' . 

, ; M'70 , 

1 70-80 i 4<J-40 50-92 W-1.5 

Nitrogen 

. ! S-i5 

1 8-15 ; 10-98 5-99 8-01 

Alkaline eaitby [jhusplmte 

, ; SOvlfl 

i 

'1-01 ‘ 90-2() :t4-44 2;)-()4 


To tell the truth, tish guano hsis nothing in common I)ut the nnme 
with the different guanos whioli have l)eeit described in this treatise, 
for it coniauis nitrogen in a different form and less assiniiJahle than 
in guanos properly ao oallod. 

Whale ttw/io.— Guano is also prepared from whale debris ; 


this product is similar to the preceding. Whale flesh coulams in 
the fresh state about 5 per cent of nilrogon, and in the dry fat- 
axtraotfid. state about 14 per cent. The hones of the whale contain 
8^ per oQut of nitrogen and 23 per cent of phosphoric acid. 

Crab Guww approaches fish guano. It is prepared from a 
species of sea-crab or lobster, of which there is enormoug con-' 
sumption ou the coast of the North Sea. They are steamed, the 
substance pressed, then it is roasted on pkies, and finally reduced to 
fine powder by grinding like fish guano. It is in the form of a 
bright yellow powder mixed with fragments of sliclls, and contains 
on an average 8 per cent of nitTOgcu and 3 per cent of phosphoric 
acid. There is also a manufactory of crab guano at Gporto, Poitngiu. 

To appreciate the fertilising value of the manures just described, 
it must be home in mind that the greater part of their mtr&gen 
exists not under the form of readily decomposable gelatine, hut as 
a homy substance, which moreover always retains a certain amount 
of fat. These manures therefore act slowly, after the style of raw 
bone dust; if spread in autumn they decompose sufhc.en ly in the 
winter to become active in the spring, «uppo.sing always that they 
have not been buried too deeply. Meat mea and fish meal 
dissolved by sulphuric acid with CTial mtrogeu and phosphoric aeid 
coulerit arc of the same value and produce the same effect as bom 
sunerDhoaphato ’ it is therefore more rational to use thef5e manures 
in tlir soLb condition. The eonsurapriou of 
every year a uew exteiieiou. The best sorts ^re used to ^ ca^e 
laud chickens, while dio ordinary sorts are used 
price in the market per 100 kilns, (say 3 cwt.) was the following at 
tlio end of December, 1 907 


Norwegian Brii gnano, » x V2 ]>€i- cent 
British „ „ 9 x '• 


SS'SO to francs, 
•31-55 to SO’H-'i « 
17-eO to in 



294 


CHEMICAL MANUEES. 


It would be necessary still to describe a large number of nitrogen- 
ous wastes, for siibstaoceB of animal or yege table origin when they 
are damaged and otherwise nnutilizable may always be ustd for the 
manufacture of manure ; hut as these substances rarely occur on the 
market in sufficient quantity, it will suffice to indicate thorn with a 
richness in phosphoric acid and potash. 

■ TABLE XCIL— SHOWING THE COMPOSITION OF NITIIOGENOUR 
MANURES.! 


Tbe substances contain 
per 100 Jb. 

Aitiogeii. 

I’hosphnric 

acid. 

lb. 

t'otssli. 

lb. 

Nitrogen in 
dry snbatance. 
lb. 

Nitrate of soda 

15'3-16-0 




Nitrate oi potash 

Nltrfi.te of soda and of 


— 

4.5-1-46-6 ■ 

- 

potash .... 

U’8-Io2 


undelerjiiiiied 


Sal ammonia . 

19'6-20-9 

— 




Dried blood 

14'0-15-0 




Meat meal 

14 '5 about 

_ 

_ 



Hoof and horn dust . 

13-16 

_ 

„ 

__ 

Wool rags 

Leather Rhavings disin- 

variable 

— 


- 

fcegrated 

Bullocks' hair . 

5-9-30 

— 

_ 

_ 

1,1 -78 


_ 



Cheese .... 

4-53 ; 

_ 



Colorabine 

Silkworm litter 5th and 

S-39 

1-15 

0-25 

8-42 

6 th period . 

3-2fi 

— 

0-1.5 

6-64 

Beetles .... 

3 '21) 

0-4-0 7 

■> 

10-000 

White worms . 

Greaves in calces in mar- 

7-02 


? 

7-92 

ketable condition . 

11 -67 


_ 

12-5-15 

Pish waste 

-5-7 


_ 

7-6 

Nitrate of soda pure 

16-47 

_ 

_ 

_ 

,, potfiiRh pure. 

1.3 -86 

— ; 

46-53 

_ 

Sulphate of ammonia pure 

21-21 

_ 





Ammonium ohloride pure . 

26-17 


— 

- 


!TJie nitrogeD in several of these nittogenouR manures is more than 
usaally high, almost donblo that of ordinary commercial samples, e.g. meat moail, 
greaves, ete. No table like this is a guide to the oompoEition oE any given 
fiBmple on the market, the real value of which actual aimlyaie can alone decide. 
— Ta. 



CEAP1'£E XVJ. 
IWASSIf; MWliBES. 


PrAtiminary Rtmarh.—'Sh^ ash of {)lants consists for the most 
part ol carbonate of potash, the caustic anei detevgent properties of 
which were hound to attmct aUcnlion fiyni the wtii'y beginning of 
civilization. And as a matter of fact the ancients knew this sub- 
stance and employed It in doriiestio econcniy as well as in industry. 
Aristotle described the manner of extracting potash from the ash 
of plants. His process is still iiJ use in certain coiintiies. It con- 
sists in submitting the ash to a series of washings with water, 
concentrating the lye by evaporation, and in calcining the, i-ftsidual 
salt. As plants only leave a small amount of ash, and as this does 
not wholly consist of caihonate of potash, it is clear that the yield 
of potash cannot be very great. The plants the most rich in potash 
are the following: — 
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per cent of carbonate of potash and 6 per cent of carbonate of soda, 
and .sodium chloride. To appreciate the eooTioinio bearing of this 
idea, it will suffice to recall that plants can only draw potash from 
the soil, and that by growing potash-loving plants too often on the 
same ground it would soon become exhausted and sterile, unless the 
amount of potash extracted, by the plants were restored. But then 
that would he going round in a bad circle : fuiuishing potash to the 
soil, as say potassium chloride, only to convert it into carlxmate of 
potash in the plant which must bo extmeted by burning. It is un- 
necessary to dwell further on the subject. 

Until comparatively recently plants were the sole source of 
potash, and as the industrial consumption of this plant was formerly 
much greater than to-day (they did not then know that soda could 
replace potash in most of its applications), the product "was always 
insufficicut to meet the wants of industry. 

About the end of the. eighteenth ccntuiy the invention of Le- 
blanc, which consisted in cxti'acting soda from common salt, chloride 
of sodium came to deliver the farmer from the incalculable tribute 
which ho was obliged to pay annually bo industry under the form of 
potash. Some industries, however, especially glass manufacture, 
coutinue to use potash owing to the impossibility of their replacing 
it by soda. Attempts were then made to reduce the potash which 
oocurs in abundance in a great luunber of insoluble and difficultly 
soluble minerals such as gmnitc, 'porphyry, potash -felspar with 
16 ‘6 per cent of potash. But sonn the disco veiy and the exploitation 
of the enormous deposits of potash salts of Stassfurt rendered this 
useless, Now, and for some time back, potash, or better carbonate 
of potash (lor the word potash is no longer used except to denote 
the impure product], has been made in considerable quantities by 
the Leblanc process. , The raw material used, the kainit, hard salt 
(p. 299), is. supplied by the Rtassfiirt mines. 

Stassfurt Salts . — In the Stassfurt mines very soluble potash 
salts occur iu sufficient quantity to meet the wants of industry for an 
unlimited period. Ear from having recourse, henceforth, to the 
farmer bo borrow potash, industry ie enabled to restore to him the 
enormous quantities which it had taken from liim in the course of 
oeaturios. Encouraged by the geognostic conditions of the Skssfurt 
x-egiou, the first boring was begun on 3 April, 1839, in the hope 
of finding ucw deposits of common salt, the production of which was 
iasuffioient in the district. In the month of June, 1843, the first 
portions of salt were brought to the surface, and in i8ol a bed of 
salt 325 metres thick had been passed without reaching the bottom. 
The. bp rehole was then 581 metres deep. The salt extracted from 
the borehole in 1843 had a density of 1’205, and the deeper the bed 
was penetrated the more the density increased. The analysis of 
the product gave the following results : -- 
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TABLE XCIV.-ANAi;V;SIS OF F11?ST BOBEHOLK SAMPLE OF 
SIASSFURT POTASH SALTS. 

MagiieRinna Rul|jh#le. 

„ chlm'ide 
Fotasaium „ 

Com in mi .“ib [t . 


/Vv cent. 
. 4'01 

. 1T43 
. 2-34 

. ivtia 


The poor content of this product in common salt caused a deep de- 
jeefcicm ^bioh seemed likely to put an end to the reseai'ches. But 
a,s far back as 18i8 Prof. Marohand of Leipsio asserted that the 
bed of salt ought to be pure and that the magnesium salts must 
come from the ujiper beds of the deposits. They commeneeJ 
to dig the Brst pit (Von der Heydt) on 4 December, IHol, and the 
second (Vou Mauteuffcl) on 31 .January 1852, In 1856 they reached 
the exploitable her! at 33‘J metres (1092 feet) depth. 

In 1858 thh government of the Duchy of Anhalt likewiso 
caused two pits to be excavated for the working of salt. A very 
pure bed of rock salt was found llf)0 metres (984 feet) in thickness. 
But after a few years it was seen tliat the bed of rock salt was far 
from representing the chief value of tlie mine, It was observed in 
fact that the saline beds which covered the common salt and from 
which the inaguesimn salts uamo which had been found in the 
depths of the bed formed enormous deposits, and conbaiuerl an im- 
portant proportion of potassium chloride. This product, which they 
■did not know what to do with in the beginning, was destined to be- 
come a sourc-e of richness to agi’icuUure. In 1854 a doposit of 
potash salts con.sisting of pure pofcassic chloride mixed with a little 
common salt was also discovered at Kaluse in Galicia. In 1869 a 
factory was built for its exploitation, but after a few yearn the crude 
salts brought to the surface only contained 1 per cent of potassium 
■chloride. At the present time they there exploit a deprwit of kaiait 
(sc.e under this heading) which is luucii more extensive than that 
of Stassfurt. In 1870 boring operations were conducted by Baton 
Douglas at about 3 km. (say 2 miles) from Stassfurt, which ended 
in. diacoveriug new deposits of potash salts, the working of which 
was soon b6giiD. (JaTnoUUej fixtraott'd from tb© I'nine and twted 
in the factory con.struoted on the working pit, is distingaished by 
its great purity. The entoiprise was soon taken up by a limited 
'liability company (Albliwcrke Westerrcgehi), which continues to 
work it on a vast scale. Another exploitation of potasii salts is t^hat 
■of New Stassfurt. It is interesting on account of the kamh which 
it supplies to the farmer. At Slassfurt itself the pit Ludwig II, 
which had been abandoned for a long time, lias been mopened for 
.tlie extraction of carnallUe. There are still found a little farther 



m 


CHEMICAL MANURES. 


away from Staselurt the factories of Ascheisleben at Bienenhurg, of 
Tbiederhall in Brunswick, the Bolvay factories at Bemburg, and the 
Wilhelm shall pit near Auderbeck in the neighbourhood Halber^ 
stadfc. It would be futile to study here in detail the potash salt, 
deposits of Stassfurt and elsewhere. The reader desirous of more 
ample information need only consult the special treatises on the 
subject. But as a knowledge of the manufacturing methods about 
lo he described presupposes a knowledge of the minerals which 
enter into the composition of crude potash salts, it is deemed useful 
to describe them briefly. 

Crnde Fotask Saits. — 1. Carnallite forms the chief ingredient 
of crude potash salta. Tn the pure state it is clear as crystal, often- 
iridescent ; generally however it is coloured red or reddish-brown by 
scales of crystallized oxide of iron. Its fracture is conchoidal, 
density I '(>5. It is rarely found in distinct crystals in nature. 
Camollitc crystallizes in tho rhombic system. The angles of the 
bases are 120° and 60°. The crystals of secondary formation met 
with in mines rarely have a tablet form. They are more often 
octahedral. Sometimes great masses of caruallitc crystals are found 
so compressed by pressure that their surfac.eiB appear concave ; the 
crystalline form is, however, quite distinct. Pure carnalliterHspondR. 
to the formula KCl 4- MgCL + SR^O, and contains 

IA.nLK XCV.— ANALYSIS OF CAKNA!,LITE. 


Pi’,7 cent. 

PotasBimn chloride ‘2f)'7() 

MagneBinm „ :I4',50 

Wnter SS -74 


too -00 

100 parts of water at i8'75° C. (GC-Tn" P.) dissolve 64-5 parts. 

% Sylvine or Syhimie is a natural product resulting from the- 
decomposition of carnallite, and consists mostly of pure potassium 
chloride. Freed from the common salt with which it is mixed, it 
has the composition represented by the formula KCI, and contains 
in the pure state ; ~ 

TAHTiE XCVI.— ANATiYSIH OF SYLVIXITR (POKE). 

Per cent, 

Cliloriiie 47’.'»8 

PolasBiiim .52-42 

100-00 

It is often colourless, rarely reddish or brown, brilliant like glass, 
with slightly conchoidal reflection, altogether roeemhlmg rook salt, 
crystallizing like the latter in regu'ar cubes with an octahedral 
surface. Its fracture ie angular, its density is 2 '025. The potash 
salt found at Kalnsz consists chiefly of sylviue ; it is coloured blue. 
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whicli generally only occurs with roci salt ; according to certain 
authors, however, this coloration is due to admixture with blue rod 
salt. Sylvine as it comes from the mine has the following com- 
poaition, according to Meroker : — 


TABLE XCVII, -ANALYSIS OF SLIA'INE 
MINE. 


Potassiutn fltiloride . 
Sudiiim „ . 

Ma^eeium „ 

PuiassLum ;; alpha fe 
Mapinesiiim „ 

GypBiiTD , 

Water and insoluble 


AS IT COMES F1K)M THE 

. 30-.'ir)’ 

^ 4R'0r, 

2-oi 

«il7 

4-«0 

1-SO 

. . , 7-3» 


100-00 

fts potash content is 23 '04, 

3. Kamit i.s met with in large quantities, chiefly in the 
Leopoldshall ujiue and at New Stassfiirt. A deposit of more than 
25 metres (B2 feet) has been found at Kalusz of almost pure kainit. 
It is colourless, or yellow bo reddish or even a very dark blown. 
It is very hard in comparison with the other minerals mentioned 
in this chapter. Its density is 2’1 31. Its fracture has a crystalline 
lustre i it rarely gives true crystals. It contains, according to 
Heichardt : — 


TABLE XCVIII.-SHOWING AXALYSIS OF KAINIT. (ItiaCHAllDT.) 


Salphufic acid ^SOj 
Chlorine 
Iiifinluble 


Less OTsygen of the chlorine 
Wa.ter . . . • 


17-37 

.5-90 

14-76 

.lo-rw 


4-18 

82-6S 

17-37 


Sulphate of pole sh 3212 i . 

„ inagaDBia 32-37 ! 
Magnesium ehloride . .16-95 

Water 17-37 

. , ( Cnramon salt 9-90 

As impurities 0-92 


Pure kainit responds to the foi'mula — 

KjSO,, -I- IVfgfiO^ + MgClj -f H,0. 

Kainit l?t, thereiore, a double sulphate oi poteaslura and magnesium 
combined with magnosium chloride. It forma, therefore, a peculiar 
compound, which no one as yet has aueewded in reproduomg 
artiflcially like sylvine and carmilHfce. Its mode of formation is thus 
uncertain ; it is supposed, however, that it results from the action of 
water on a mixture of carnal lite and kieserite lonnd in the salt 
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deposit. Kaiait, as it is extracted in coasiderahle quantities from the 
Leopoldsball, New Staesfurt and Kalusz mines, is freed as much as 
possible from common salt intercalated with it, then it is reduced to 
fine granules in a salt mill. It is put on the market as ground 
kainit, and contains on an average Rft to 75 per cant of pure kainit 
or 23 per cent of sulphate of potash (equal to 12 '4 per cent of 
potassium).^ The imp url ties consist chieily of couiirion salt and 
clay. Formerly, kainit was calcined and ground. This process 
has been abandoned in the Stasdurt factories. As it readily cakes 
and is then very difiicnlt to break up, it has been mixed, on- the 
advice of Fleischer, wit.h per cent of peat powder, which prevents 
this drawback. The sime means is used for other potash salts 
wlicn they are sold for manure.^ 

4. Schoeiiite is the double sulphate of potassium and inagnesium 
and responds to the formula K2S0^ + MgS0^ + 6H^O. Its forma- 
tion at the expense of the kainit by elimination of the chloride of 
magnesium would therefore be very plausible ; its existence as a 
miuoral is not established with certainty. Artificial seboenite will 
be described further on. 

5. Polyiialile , — It is found in veins of 26 to 33 metres thick in 
the deposits of rock salt. It is mostly amorphous, rarely crystalline, 
of a grey colour and conchoidal fracture. Density 2'72. 

TABLE XCIX.— ANALYSIS 01- LOLYHALITE. 


Per cent. 

I'otaBsiuin RaijihAte 27-90 

Magnesium 19-76 

Calcium 42-64 

Wiitcr ffl!) 

Common salt and impuritieu 3-49 


99-.54 


‘Should be, potaasium equal to 12-4 per cent of potasRium oxide X./). -Ta. 

®The breakitig up of kainit is a costly job. It should not be stored in hays 
piled one on the top of the other, hut on arrival it should Im>, shot in a, dry plnci:, 
eovered in of course, and with a smooth dry floor. It can be brought from there 
readily in a ban-ow to where it is wanted .by one man, where,aB it takes two men 
to lug and tug about the caked ba^;a and cut tluem open with a knife to get 
out the kainit solid as a roek, and then the tiresome job begins of pounding it 
-with woodeu malletB to break it up, audthe Bmali amount a couple of men can 
break up fliud Bciceu iu a day is wull known to IhoRC who have been kept waiting 
for it to complete the ingredientR in a heap that is to be dry mixed. A little 
better progress is miulc with the difiintegiator, but even then it iw a heiirt-ii-ndiiig 
job, as BO sooner is the diBiutegrntor started and well under weigh after a 
stoppage than the naturally moist kainit again blocks it. The advice of the 
tranelaior is therefore to shoot the bags at the outset. The pressure cannot find 
vent without bursting the bags, therefore the kainit must consolidate and perforce 
cake into a solid as hai-d as in the onginn.l rock. The store should be an oblong 
building with the door in one end, and the conewte floor should rise gradually to 
the far end, where kainit and other water-soluble pvoduots should be stored be- 
yond the reach of ftoods.—TR. 
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It responcis therefore to the formula.— 

K,80, + MyBO, + 2CiiSO, + 2H,0. 

When treated with water it is the iX3tassium salt which prefoi-ably 
dissolves, whilst the magnesium sulphate and the caloinm Biilpliate- 
remain in great part undissolval. Eefore being discovered in the 
Rtassfurt mines polyhalite had heen already met with in difteienfc 
places at Ischl, HaHein, Bcrchtcsgabcn, etc,, partly as rhombio 
crystals or fibres or minute crystalline rods. 

6 . Krwjite has a chemical composition similar to polyhalite. 
It responds to the formula— 

+ MgS(\ + 40aS0^ + 

TABLE C.~AKA LYSIS OE KHUGITE. (MEKCKEIL) 


i’fr cml. 

Potassium sulpliate 

MagneRLum „ 14*70 

Oalfiium • 01*00 

Water 4-20 

Common salt I'ofl' 


Density 2 ’801. 

It now remains to describe the processes used to extract fmm 
these minerals the whole series of pioducts supplied to agricnlture 
as potassio mannreB. 

Mamifact 2 irc of Polansinw Cltlo-ride [muriate of potash]. The- 
crude salt treated consisls of a mixture of all the salts descritjed 
above. However, carnallitc predominates ; it forms 50 to 00 pei* cent 
of the crude salt 3 equal to a polassium clibnde coment of 13 to 17 
per cent. The processes now used in the treatment of the crude 
salt in the manufactui*© of moi-e pure potash salts (potassium' 
chloride) are baserl essentially on the property of carnallite to de- 
compose in presence uf water into potassium chloride and raagnesinm 
chloride; it is therefore dissolved aud potassium chloride separated 
from the solution by crystalli> 5 ation. The process is in itself very 
simple ; what complicates it is the presence of quite a senes o 
foreign salts accompanying the carnallite, the most important of 
which are rock salt [NaCI], in the proportion of 20 to 25 percent 
and kicsciito [MgSO^ + H^O], which forms 15 to 20 ^t 
of the crude salt, Other minerals, such as taimt, polybahte, 
tachydrite CaCL + 2 MgCl 2 + l2Ep, etc., are rarely met with m 
large proportion, but they then are, very troulilesome 

oLhing the Cr^de the inmes de iver *3 « ^ 

in big lumps (in the beginning they delivered them ^ 

must he orushed before being treated. Formerly they w 
with emahing lumps by blows from a maUet with a long handle. 
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bat now all the faewries have laid down mechanical cruahers for 
the purpose; the moohiue most used is tho jaw-breaker crusher 
already described. < 

D-issol/ving the Crude Saite . — The salt is then fed into a pan, 
in which it is dissolved. The crushed salt falls from the mill into 
the receiver of a cup-elevator, which delivers it directly into the 
dlssulvlug pans or into a wrouglit-iron shoot, The elevator is 
driven by a shaft on which is mounted the belt pulley- The dis- 
solving pan is of riveted wrought-iron of a cylindrical form ending 
in a conical bottom. At the beginning of the cone is a perforated 
short bottom intended to retain the residues from the salt. These 
residues are run out through a manhole. The solution is drawn 
off by a tap, the pan ia steam heated. In the early days the 
Stassfurt and Iiftopoldahall factories wrought in an appi'eciably uni- 
form style, but lately they have adopted dilferent methods more con- 
formable to the interests of each factory. The oldest method, still 
much employed, is the following : The dissolving pan is first partly 
charged with water, mother liquor, which is termed il, with residuM 
solution [ (seo further on) and with clarified solution III (see further 
on). After having brought this mixture to the boil, by direct injection 
of steam, the crude salt is fed into the elevator, whilst continuing to 
boil without interruption ; the caruallite soon dissolves and therefore 
the density of the solution inereases gradually ; the escaping steam 
by a suitable arrangement sets the liquid in motion and mixes its 
■different components. When the derisity of the liquid, taken on a 
.boiling Sample, reaohes 32" to 33" D., the elevator is stopped, the 
.ateam turned off and the solution run out ; the residue remaining in 
the pan contains a large proportion of kieserite, common salt, and 
about 3 to 4 per cent of potash salts, [n a great number of 
factories this residue is again taken up and boded with a little 
water ; the solution thus obtained (I) consists therefore chiefly of 
common salt, a little magnesium chloride and magnesium sulphate. 

• Its potassium content varies from 3 to 7 calculated as potassium 
nhloride ; it la used solely to dissolve frasdi quantities of cnide salt. 
The proportions of the different solutions as well as the densities 
vary with the factory. The residueg are thus more or less abund- 
ant and retain more or less salts. The best results are obtained by 
preparing sohitions of 32" B. with lower densities ; they retain a large 
amount of common salt ; when on the contrary their density ia 
higher, they retain leas eommon salt and 'more potassium chloride. 

ClariJioaiion.—GmdLa solution as it comes ■ from the pan is 
■Soiled with impurities; it ia therefore run into clarification basins, 
where it remains for about forty-five minutes. These basins are 
rectangular, of riveted wrought-iron, fitted with two apertures, 
from one of which the . clarified solution is run off, and from the 
other the sludge. To prevent the clarified solution carrying the 
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■sludge with it, different aitrangomcnta have l)een made to retain it. 
After the claiifietl solution has been run off, it is led through a 
■wronght-irou gutter into underground cvyslaUizeis, As the solution 
cools in flowing through the gutters, it deposits a certain amount of 
salt containing 45 to 50 per cent of potassium chloride. This gutter 
salt is most generally used in manure nianufactuto, It is generally 
treated with potassium chloride of a higher strength. 

CrystalUi’Mion , — The crystaJlizera in which the solution cools 
and forms crystals of potassium chloride are of riveted wrought- 
iron like the clarification basins; they vary in aiy;e and shape, some- 
times flat because the solutiou cools more quickly therein, some* 
times deep because they occupy leas space and yield larger crystals. 
When the solution is cold, which takes two to four days, the mother 
liquor II is decanted from the crystals of potassium chloride ; it is 
run oil hy the gutters fixed under the crystallizers into wroitght-iron 
basina or into masonry ones lined with cement. It is used either to 
dissolve the cnidp salt or treated directly as will be described further 
on. The potassium salt which is deposited in the crystallizeie 
consists of a mixture of potassium cliloride and common salt ; it is 
still soiled by adhering mother liquor. It crystallizes in the same 
form as sylvine, with this difference that the crystals are not always 
perfect ; their size depends chiefly oti the density of the solution of 
crude salt. When, that has a density of 32° to 33° B., or a still weaker 
density, crystals often one eentimetre wide, of a pearly lustre, are 
obtained. When the solution is more dense, say about 33° to 36° B., 
it forms soft crystalline nebilles. It is clear that the size of these 
Crystals must considerably affect the purity of the potassium 
chloride, as attenuated crystals must retain more mother liquor 
than large ones, and that consequently they contain more magnesium 
chloride. The impure, tine, granular salt often only contains hiit 60 
per cent of potassium chloride, whilst the salt with large crystals 
yields on analysis 

TiBLE CI.-ANAIjYSIS OF CKYSTAIiS T 
CBVSTALLIZEliSi. 

Insoluble 

Magnesiiuu snlpiiate . • ■ ■ 

„ chloxidD , . • • 

FotaRsiuiri ,i . • ■ ■ 

Common salt 

‘)9-l)480 


'ItOlI POTAHH SALT 

Fer oeiH. 

. . 0'087<i 

. 1-240S 

. , 6'9073 

, . 68-1-504 

, St-tYpifiO 


It may bo remarked in passhig that the salt that Is 
the sides of the crystallizers is always more pure than that de- 
posited at the bottom. To obtain high strength products, a portion of 
the two sorts may be taken, especially for continuing the tmatment. 
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Clarifying . — As potassium chloride of 60 to 70 per cent strerigth 
is hardly marketable, it is necessary to submit it to new treatment 
—cUirificaiwt. Eor this purpose it is tun into vats termed clarifying 
vats, fitted with a double bottom covered by cloth or with a network 
of osiers. It is covered with water, so that the water is 2 to 3 
centimetres above that of the salt, and left in contact 5 to 6 hours ; 
then the clarified solution III is mn off through a bung- hole in the 
bottom of the vat, This liquid runs into a special basin, from which 
it 'is run into the dissolving pans by a pump. The liquid from 
the above clarification of 30° B. contains; — 

TABLE CIL- ANALYSIS OF MOTHER LIQUOR FROM CLARIFICATION 
OF POTASH SALTS. 


72-212 

MftgnEgiiim Kiilphate 1'659 

ehlonde 11-730 

FntaRsinm ,, ,'>•9,30 

Common salt 8 '469 


100 000 

If the potassium chloride be not sufficiently enriched by a single 
clarification, this operation is repeated once or twice until the salt 
contains at least 80 per cent ol dry potassium chloride. The 
above clarifying liquor constitutes a saturated solution. Now a solu- 
tion of this nature contains at 15" 0. 25 per cent KOI wiien it is 
prepared from pure potassium chloride, 27 per cent NaCl when 
it ib made from cummou salt. If these fig urea be compared with 
those of the a, hove ana.lysiK, it will be seen that the magnesium 
chloride interferes with the solution of both the potassium chloride and 
with the common salt. Now as the object of clarification is precisely 
to eliminate this latter, it follows that a potassium salt with low 
magnesium chloride content, consequently large-grained, will be 
more easy U) purify In this way than a salt with high magnesium 
chiorido content, fine-grained crystals. But clarification is a costly 
operatioD hec-ause its object is to redissolve a portion of the finished 
salt, therefore to work economicaUy it must be done in such a way 
as to clarify as little as possible, that is to say to produce large- 
grained crystals as far as possible. Starting from the salt analysed 
above, an 80 per cent product would be obtained by a single 
clarification, whilst a fine-grained salt often requires two, sometimes 
three, clarifications to get a product of the same strength. It is 
clear that by this operation 95 per cent products and higher may 
be obtained. 

Tnatmnt of th& Mother Liquor from the Potasrium Chloride.— 
The mother liquor not used for dissolving is concentrated hy evapora- 
tion, for it still contains an important amount of potassium chloride. 
It bas a density of about 32° Bf, and contains ; — 
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TABLE cm.- ANALYSIS i)¥ AIOTIIEB LIQUOR FliOM POTASSIUM 
CHLORIDE. 


Pjagnrjsuim sulphate :3-A to :J’(i 

„ chloride . . , , . IT.i to '20-11 

I'oUBSimn ,, o-l to 0 

CoMinou salt ‘2 to 3 


In the evaporation the gi-eater jiai-L oi the coiiimoti salt separates out 
because it is less soluble when hot than when cold, at the same time 
as the double salt of potassium and magnesium (schoenite), which is 
hardly soluble. This mixture of residual salts often contains ^)er 
cent of potassium, vfhich corresponds to 12 per cent of potassium chlo- 
ride, 01 to 14 per cent of potassium sulphate. It is utilised by either 
extracting the common salt from it or by converting it into maitmv 
of low strength. In rational manufacture the I'esidual salt should 
be washed in the pan itself ; for this pui’])Ose the mothet liquor 11 
is used, as the salt as well as the pan itself is still very hot. When 
the evaporated sjolutiou is run off, fihe mother liquor with which 
the pan is drenched heats rapidly and then dissolves the greater 
part of the potassium salt which is still contained therein. This 
solution ia facilitated by atirang, When the density of the solution 
determined whilst boiling reaches 34’5 to 80 B., it is run through 
wrought-iron gutters into special ory.stal]izei-a, where it deposits not 
potassium chloride, but a salt 'with tetrahedral crystals, the compo- 
sition of which is analogous to cai-nallite. If the solution 
sufficiently concentrated, the liquid which flows from the carnallite 
crystals (final liquid) only contains 1 to TS per cent of potassium 
chloridfi, and in addition 

/Vr cenl. 

MafpeBiuni chloride . ■ . ■ - , 2B to JH 

„ sulphate • ' ‘ ■ o 4 

Common salt . ' *' 


Irr certain factories the bromine is extracted, in others the iiiagneffla. 

The artificial oamalHto thus obtained is dissolved in water in smahei 

pans than those used to dissolve the crude salt. The solution testing 

sTto 33“ K. is ran into vats, where it deposits poiaseium ch onde 

more pure than that got from the crude salt, l^e 

of this salt is added to the first. As the carnallite 

comes contains less common salt than the ®lt, this rnothei 

liquoryields little residual salt. The salt 

nke is clarified with very little water, and then ymlds very high 

alrcugth potassium chloride (96 to 98 per cent) 

Aying th^ GhMe of Po most 

chloride is dried in reverberatory furn^es, Twedtnks in 

tones the drying conducted in eyMnca 

which an agitator with blades revolves, and a roller compressor. 
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Whsn the shaft revolves the blades turn up the salt, and the roller 
which follows makes them into a cake again, eo that the surfaces are 
continually renewed. "When tho dtyiug is fiuialicd the salt i« run out 
through a shoot and bagged up. In a general way factories which 
work according to the processes described above ure content with 
producing 80 per cent potaissiiim chloride; they rarely push the 
olaritications so far as to make 97 to 98 per cent products, although 
the potassium chlorides dissolved by the clarification can be re- 
covered immediately in the orystallizcL’S, whilst the mother liquor 
is iisfld to dissolve the crude salt. To obtain 98 per cent salt without 
effort, the method of dissolving the raw salt is altered. The mother 
liquor, the small amount of clarifying liquor and Coally the liquor 
used to boil the residual salt, are alone used as solvent ; all addition 
nf water is avoided. After having brought the solvent solution in 
the pan to the boil, the raw salt is run in as before and the whole 
boiled without interruption until the solution tests 30 to 36° B. At 
that density tho carnallite in the crude salt easily dissolves if the 
liquid be hot enough, i.c. if the steam be of sufficient tension. 
Certain factories insert an agitator whose action contributes to mix 
the solution, consequently to obtain a better result from the crude 
salt. Nevertheless, the residue is sometimes still rich in potassium 
chloride ; it is boiled a second time with pure mother liquor. The 
solution so obtained is clarified in the sacue way as in the limt 
method; on cooling it deposits not potassium chloride hut (jamallite, 
which is allowed to drain and then dissolved in boiling water to ex- 
tract the potassium chloride. As common salt as well as kieserite 
only dissolves slightly when hot in a coucenlrated solution of magne- 
sium chloride, whilst potaRsiuni chloride is very soluble therein, it 
13 clear that the solution prepared by this process should contain very 
little common salt, and also that the carnallite whioh crvatallizea 
therein should contain very little, and the chloride of potassium 
furnished by the latter should be of high strength. This method, 
however, has the drawback of yielding a large amount of carnallite, 
the removal and solution of which require much labour and steam 
and consequently fuel. This drawback is obviated by diluting the 
solution which flows from tlie clarification vats with water, so that 
after complete cooling it yields chloride nf potassium of high strength 
directly, and no longer camaUite. In this way the crystallization 
and solution of carnallite are conducted in a single operation. T.hc 
advantages of this method of working are evident. I n stead of treating 
as before two different Rolutioiis and two different salts, only a 
single solution and a single salt have now to be treated. The 
potassium chloride so produced is so pure that when it is Ireed from 
magnesium chloride by a little water it only contains 0'5 per cent 
of common salt, all the rest is potassium chloride with a little 
moisture and some slight impurities. 
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PoUisshm salt is mannfsioturetl at SUaafurt, 

hy drenching potassium chloride with Hulphiiric acid and calcining 
in a reverberatory fumaco,. The iv^acLioii whicli takes place is the 
same as that used to matiufaulure sodium sulphate ftoai coniinon 
salt and sulphuric acid, h’irst of all the jnatei’ial heats, gfiseoiis 
hydcocliJoiic acid is given oil, and acid potassiunr sulphate formed 
according to the et^uation— 

KCl + - HKSO, + HCl. 

Afterwards, the teiriperatui’e continuing to Hsu, the. acid snlphatc of 
potassium being weak acts on the remaitjdej'of the potiissiaiii chloride. 
A new disengagenierit of hydrochloric acid gas is produced, and 
finally potassium sulphate as a solid mass. This reaction is ex- 
pressed by the equation- - 

KOI -I IIKSO, = K,SO, + HCl. 

As the potassium sulphate as it comes from the furnace is in big 
lumps, it must be crushed beJ'ore delivery to faroiora. In the same 
way as the price' of potassium ohtoride is caJeuiated on the basis of 
an bO per cent salt, that of potassium suhibite is based on a 90 per 
cent sail, ixmsequcntly 100 lb. of iibis product at 95 per cent «jual 
110 lb. at 90 per cent. Potassium sulphate of 96 per cent strength 
ifl worth about more a cwt. on the 9(1 per cent hasis than the 
product which only tests 90 per cent. 

Doithie Sulphate of Potammi md product 

ha.fi already teeu inenlloued as sekoeuifs^ but is never found in that 
form ; it is mamifactiired in large quantities from kainit. It consists 
■of equivalent quantities of potassium sulphate and of magnesiuui 
sulphate, and contains in the eiystalliue state six equivalcnte of water. 
The inethorl of niauufactiire vai'ies with the ffwtories, but all pro- 
C8fi.ses are based on the llxiviation of the mugneshuti chloride and 
eomnaon salt from the kainit by hot salinp. solutions. The dried 
ground salt contains about 18 per cent of potassium sulphate corre- 
sponding to about 2(j per cent of potassium, and it is put on the 
market with the guai'antoe of a maximmn content of 2-5 percent of 
chlorine. This salt is ninoh used as a maaiiro. 

It possesses the following cojuposition, according to Quicker . - 

TABLR CfV,' -MALYSIS OF SCHOENITE. (UFROKElt.) 

i-'er twi. 

Pntftffijnni Kulphate . - ■ • • * ^ 

Magnesium 2,,^ 

Coramoa salt • • • ' 'hr 




Its potassium content is therefore 27 '2. _ 

Mk Cmbomie of Fotasiium and Magnmupi.-ihe sa t 
contains 17 to 18 per cent of potassium; it conasts chiefly, as its 
name indicates, of the carbonates of potassium and magnesium with 
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2 to 3 per cent oi impnritiea, potaaaium chloride and potassium 
sulphate. This salt, therefore, contains Tory little chlorine and 
might perhaps be used as a ierliliiser for tobacco. But tha price of 
potassium is about double in it to what it is in potassium sulphate. 

Potash not only acts as a manure but it retains tbs moiatuie in 
the soil. Certain potash salts absorb moisture and cake; kainit 
especially forms very hard blocks like stone. Spread in a thin layer 
it absorbs 2 per cent of moisture in twenty-four hours. 

Calcined potash salts absorb from dry air up to B per cent of 
■water, in five days 14 per cent, and np to 24 per cent in six days. 
To prevent them caking into a solid mass it suffices to add 2‘5 per 
cent of peat powder ; the mixture so prepared keeps for two months 
'witho'ut drawback. 

Ot/wr FertiUzing The Stassfurt factories sometimes 

make a fertilizer from other waste not hitherto utilized. For this 
piftpose the sludge deposited at the bottom of the ela,rification pans, 
which always contain a little potash, is used. 100 parts of calcined 
ground sludge contain ; — ' 

XiBLE OV.— ANALYSE OF SLUDGE FBOM CLABIFICA'IION OF 
POTASH SALTH. 

Insoluble (oxide of iron, sand, gypsum) . 

Calulum sulphate .... 

Double sulphate ef potaseinm and 
magnesmin (MgSOj + 

PotHHsium chluridb .... 

MagaeBinm „ .... 

Common salt 

Water and loss 

Say ISI-Sfi KCl or 22 -fit sulphate of 
potash. 

100-00 12'2a 


6-M 

8'67 

16'4(i Equal to petaasium. 
11-01 .'>■27 

10'24 6’05 

iVSl 
1-77 


Another product of this kind is furnished by the residual salt which 
contains about 12 pet cent of potassium sulphate ; as we have seen, 
this consists of sludge and especially of common salt, 

A third salt likewise used as a fertilizer is that extracted from 
the gutters, which when dry contains about 50 per cent of potassium 
chloride, and 45 to 60 per cent of common salt, 

AH these salts are treated in the same way. They are dried 
in a reverberatory furnace by heating them to nearly the point 
of fusion, then they are erushed. Brown fcrtiliaiiig salts with low 
potassium content are hardly met with now on the market. The 
salt from tho gutters dried and ground is sold under the name of 
“ manure salt, calcined and ground,” with a minimum guarantee of 
27 per cent of potassium, Lately a whole series of other potassic 
manures has been manufactured, but their high price is an obstacle 
to their sale. The composition of the different Btasaf urt salts are 
summarized in the following tabic 





310 


CaEMiCAL MANUHEB. 


Commercial Brands of Poiassimi Chloride {Muriate of Potaslt]. 
— The priuetpal eommemal brands of polaHsimn ebloride supplied 
by the Rtassfurt faetories are the following : — 

(a) 70 to 75 per cent potassium chloride (muriate of potash) 
containing on an average 45 per cent of pure potash (KjO) and 
21 per cent of sodium chloride, 2'5 per cent of water, 1’7 per cent 
of sulphate of potash, 0'8 per cent of sulphate of magneRia, 

(5) &0 to 85 per cent potassium chloride (muriate of potash) 
containing on an average 50 per cent of pure potash (K^O), 14 per 
cent of aodium chloride and I'l of water, etc, 

(c) 90 to 95 per cent potassium chloride (muriate of potash) 
containing 56‘9 per cent of pure potash (Kp), 7 per cent of sodium 
chloride and 0'6 per cent of water. 

(d) 97 to 98 per cent of potassium chloride. It is the most 
concentrated product. For this latter certain factories guarantee 
0'5 per cent of sodium chloride, lor which an extra charge is made, 

The selling price for all sorts is fiasBd on 100, kg. (220 Ih.) at 
80 per cent, bags included, that is to aay tliat products with a plus 
value are brought to 80 per cent by calculation. An example will 
make this custom more plain. Suppose that the price of potassium 
chloride of 80 per cent be O’lO francs, bags included, say 3s. 9d. the 
cwt. If the muriate bought is of a higher strength (say 95 per 
cent) it will cost 11 '14 francs (aay ia. 6d. the cwt.), that is to say 
100 kg. (220 lb.) of muriate at 95 per cent strength correspond to 
118-75 kg. (261-25 lb,) of 80 per cent muriate. It ia clear that 
the price increasca proportionately with the purity of the mmmte. 

As to sulphate of potash the price is calculated on a 90 per cent 
basis. Consequently 100 kg. (220 lb.) ol this product at 95 per 
cent equal 110 kg, (242 lb.) at 90 per cent. Rulpliate of potash 
of a guaranteed strength of 96 per cent is worth about 0-50 francs 
(4-8d,) more per 110 kg, (220 lb,) or 2|d, more per cwt, (price 
baaed on this basis is price of 90 per cent) than the sulphate which 
only tests 90 per cent. 

Bemarh on tha iwe of Fotxbsh Salts n.s PertiUzers . — As already 
seen, the Stassfurt mines furnish crude sahs and refined salts as 
fertilizers. Which should be preferably used? This question is of 
great practical importance which farmers are far from doubting if 
we are to believe the emphatic puffs of kainit dealers and the other 
societies “ for the enooui-agement ” (so-called) of the diffusion of 
manures. In the last thirty years the consumption of potassic 
manures has progressed considerably, bnt instead of using pure 
salts the larnier has chiefly used the crude salts, kainit and oarnaU 
lite. As will be seen in the analyses given below, crude potash 
salts contain besides potash, sodium chloride, magnesium chloride, 
etc, ; in fact they contain much more chlorine than potash. 
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Tliti following accoi'ding to analyses now old are the clilorine 
content of crude Stassfm-l salts 


TAELE CVir,— CHLOHiNE CONTKKT OF CHUDK TOTAt^H SALTS. 


Kifcseiite 

Cfiniiillitc, 

Ordinary fertilixing salts . , , , 

K&init 

Sylviuit 

Fertilizing salt, gned q utility 
Muriate ot potash, 80 per cent 
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„ „ , iW „ ... 

Doullf. "salpliatc ot potassium and niagneBium 
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. 2;i-()4 44 ■311 

. ; 31 -.5.5 : 52-33 

j 19-27 ! 
Kl-r)',) 1 

. ' .52-0-1 i 4K-6R 
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[ 9-3-5 1 
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. . 01 •4s ! 4I}’1)A 
. : 27-22 1 T-52 

; 7-51! 1 
4-5 i 

. .i2-f78 i n-oo 

, : 17-18 ! ? 

j 1-0 


More recent analyses of kainit in the agricultural experiment 
stations have shown for a long time that the pi-oportion of chlorine 
has boen continually inci'easing. 

Thus, in 1895, B. SjoOenriay found 3o‘8 of chlorine. In 189(1, 
Adolphe Mayer found still higher figures. In 1908, chlorine and 
potash were estimated in fifty-nine samples, A single sample alone 
gave the same chlorine content as formerly 


5 Bumples 
1« „ 

24 „ 

9 

3 „ 


Per Mf, 
30 to 35 
.3.5 t9 40 
40 t:) 45 
40 to .50 
over -iD 


It is, Ihereiore, established that kainit has not the same composi- 
tion as lormcriy. It would appear to be mixed with minerals rich 
iij potash and with a high chlorine content. A more complete 
analysis of the kaiuit showed that some samples only contained 
1 '50 per cent of sulphuric acid. Potassium cliioride (muriate o 
potash) contains 50 per cent of potash and 50 per cent of chlonne. 
In a number of samples of kainit the chlorine content was al^ 
50 per cent, but the potash content was only one-fourth of the 
amount contained in potassium chloride. In this way 
necessary to use four times more of a manure of this kind to obtain 
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the same result than with muriateof potash. But the highpercenta^ 
of chlorine in crude potash salts has other drawbacks, so much the 
greater beeause it has been forgotten to point thein out. Uhlorine 
exerts a disastrous influence on the physical constitution of the 
soil and oii Tegetdtion. Moreover, it cannot be denied that the 
secondary salts which accompany the potash strongly attack the 
reserves of fertilizing iugmdients in the soil. The potash is 
evidently absorbed by the soil, if it be supplied to it as chloride or 
as sulphate of potassium ; the latter combines with the silica of the 
silicates of lime, soda, and magnesia, whilst the secondary ele- 
ments such as the chlorine in muriate of potash, sulphuric acid in 
sulphate of potash, combine with lime, soda, and magnesia. In the 
ftrst place calcium chloride is formed, in the second calcium sulphate. 
But as calcium chloride is very soluble in water, it is carried by it 
down into the depths of the soil, aud thus lost to the crop. This 
fact agrees perfectly with that other fact which has been established, 
vii5, that potassic manures, especially the chlorinated manures, rob 
the soil of its lime ; thus 100 kg. (220 lb.) of kainit, containing 31 
kg, (78 '2 lb.) of chlorine, cause the soil to lose 100 kg, (220 lb.) 
of lima It follows, therefore, that the use of potassio manures entails 
the USB of calcareous manures. Mercker advises to apply to the 
soil as much quick-lime as potash salts. It thus follows that the 
comparative cheapness of onide potash salts, such as kainit and 
sylvinite, is nothing hut a snare, because to take everything into 
necount, the price of these salts ought to be increased by the price 
of the lime, the loss of which they entail, in marshy land the 
simultaneous application of lime is particularly necessary. In 
such soils in fact the potash salts are rapidly robbed of their acid 
in such a way that in the absence of lime the chlorine forms free 
hydrochloric acid which poisons the plant. Lime, moreover, is an 
indispensable corrective to the secondary effects which crude 
potash salts never fail to produce, the must important of which is 
the prevention of nitrification in the soil. Holdetieiss, in experi- 
ments with farmyard dung, completely suppressed it by means of 
potash salts. The solvent action exerted by the secondary salts 
of potassifi manures is very well bmuglit out in Lawes and 
Gilberts experiments, They obtained an increased yield with 
salts free from potash. The plots experimented on received every 
year from 1854, 4 kg. of sulphate of ammonia and 350 kg. of 
supeiphospliate. The following amount of salts were added per 
hectare : — 
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It Will be seen from these figures that salts free from potash 
have furnished yields almost more heavy thao the pure potash salt. 
These salts, themfore, have mobilized the reserves of fertiliziog in* 
gredients in the soil, so as to bring them to the support of the 
plant. The soil has thus been, in a way, robbed of its normal 
reserve in favour of a few craps. This robbing of the soil would 
have been brought out in a more serious manner if the experi- 
menters, instead of using sulphates, had used chlorides, because then 
it would be complicated by loss of lime. In fact, it is not stated 
that here again the nutritive substances of plants including phos- 
phoric acid may not be rendered soluble and consequently carried 
down into the depths of the soil The same phenomena must 
perforce oocurwithkainlt, sylvinite and carnallite; the comparative 
low proportion of pure potash salts makes their action almost nil com- 
pared with that of the second aiy salts which accompany it in these 
products. There is here a veiy interesting subject for study by 
agronomists. It would be specially useful to Hud if drainage water 
contains fertilizing substances in those cases where crude potash 
salts are used. Amongst these fertilizing substances, phosphoric 
acid may be found, for we must not forget that phosphate of lime 
is soluble in a great number of saline solutions. There might also 
he found in the drainage water as much potash as was spread on 
the soil, which would prove that tbo use of cnide potash salts as 
manure wonld be absolutely illusory. It is probable that there will 
be no delay in giving up the use of crude potash salts, so as to keep 
solely to the pure potash salts, in spile of their higher price, when 
the devastating action of the secondary elements which accompany 
the potash in the crude salts is realized.^ 


' Whilst muriate of potash should bu usod Mpa,rii^ly arol with the greateftt 
disoi’iniiiiuliuu, kuiuit whuii tniiiy free from chlorine Is a safe and most valuable 
manure, especially for potatoes. The translator considers it sound practioc to 
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Potanh Sails De-posils of Alsaoe. — Depositu of potash have been 
discovered in Alsace, They consist chiefly of syivinite. According 
to report from the President of the district of Upper Alsace, the 
deposits of met salt and of potash occur in the Tertiary. The 
territory in question extends to about 200 aq. km. (say 125 aquaie 
miles). It is bounded on the north by the line Regiaheim-fioultx, 
to the west by the line Soulta BerTweiler-Schweighausen, to the 
south by the line Schweighausen-Neidermorschweiler-lle Na- 
poleon, and (x) the east by the line He Najfoleon-Ensisheim- 
Eeglshaim. The total thickness of tlie deposit is estimated at 200' 
metres (656 feet), and the beds of potash salt are included themn, 
fairly regularly. These deposits appear destined to play a part in the 
(lerman potash industry. 

Manufacture of Potash from Felspar and other Potasde 
Minerals. — The felspar is Gucly crushed, beaten up with water, then 
run into a wooden vat placed in a lajge receiver of any material. 
The ontsids receiver is ^en filled ; the inside receiver is tljon con- 
nected with the positive pole and the ontside r^eiver with the 
negative pole of an electric current. This jiaitially libemtes the 
potash, the soda and the other soluble bases, freeing them from the 
compounds which they form with silica. The soliilile, bases traverse 
the wooden wall of the interior vessel and pass into the water of the 
exterior vessel which they render alkaline. However, the felspar 
soon ceases to djeeotnpose, To render the deeoiTiposition more rapid 
and more permauent tlie mass in the interior vessel is continually 
stirred or hydrofluoric acid added. T'o obtain nitrates, sulphates, 
chlorides, in place of caustic alkali, it suffices to add the corre- 
Bponding acids into the water of the outside receiver, American 
patent No. 851,922 of 30 April, 1907. 

Manufacture of Potash in the Caveasns, — The manufacture of 
potash is an accessory industry of the cultivation of sunflower, for 
the ashes of the stem and the branches of sunflower yield the raw 
matoriaL The first potash factory was established in 1899 at 
Maikopp, by Sohaponalow. Difficulties occurred at first because 
experience was awaniing. But gradually the conditions of pro- 
duction improved, and fresh factories were started. According to 
the official statistics in 1S06, eleven factories produced 475,563 
poods of potash. According to iuformatiou supplied by the manu- 
facturers twenty-four factories wesre at work in 19U7, and some of 
them produced several thoiisanda and up to 200,000 poods of potash. 
The total production of these factories was from 700,000 to 900,000' 
poods, representing a value of 22,000,000 roubles. Tbe stems of the 

add 1 cwt. to 2 owte. of sneh kaiait per ton to all ootnpound manures, that ia 
when itoan ho done without JuwwiriK tko [juaraaieid peroontoge of Iho phos- 
pbuiioueid and nitrogen bebw the minimum guarantee. Potatoes respond in a. 
very remarkahle manner to sueh a matinre.~TR. 
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sunflowei.' ai's generally burnt by the farmers themselves. Hut 
certain manufacturers also burn the plant and buy the stems of 
10,000 tt) 15,000 deciatines, for ■which they pay 3 to 1 1 'ouhles per 
deciatiue. A deeiatiue of Hunflower yields In good ground 200 
to 300 poods of stems and in bad ground 100 ponds only, from 
which 3 to 0 per cent of ashes may be extracted, and 3 to 4 pOods 
of ashes give one pound of potash, The percentage of carbonate of 
potash is 20 to 35 per cent, The appearance of the ash is improved 
by ft few turns of the wrist, by throwing the salt in the fire for 
inatauce, which causes the ash to fuse and gives it a vitreous 
appearance. 

When the sunflower harvest is finished the etema are burnt. 
The purchftse of ashes is finished in September, wliilat the tnftnu- 
facture of .potash lasts five to six months. The price of the ashes 
up to now has been 35 copecks, but owing to competition it has 
risen to 40 and 60 copecks per pood, The manufacture of potash 
is conducted in, a very primitive fashion: it consists in lixivating 
the ashes, tnetliodically concentrating the lyes, and in calcining the 
product, The product is packed In casks of 30 to 40 poods. The 
analysis of a potash from Kuban gave (per cent) water, 1'74 ; car- 
bonate of potash, 89 ; earljonate of soda, 5'0 ; sulphate of potash, 
2-01 ; potassium chloride, 6'51 ; insoluble, etc,, by difference, 0’74 ; 
[lie usual potassium carbonate content is 90 to 91. It is dealt with 
on a basis of 90 ' per cent with 2 per cent margin at least. 
Three-fourths of the potash is exported to Hamburg, Ijondou and 
New York. 
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I'KANSFKKENCK AND HAJ^DLING OE BAW MATEEIALS AND 
FINISHED PRODUCTS. 

The economic handling of raw materials, fuel, and finished products 
is one of the moat important problems which the manufacturer- 
desirous of coping with competition, which becomes each day more 
bitter and better equipped — has to solve. But up to now h was ex- 
ceedingly difficult to find a universal system of automatic transport 
adapting itself to the varying exigencies of difieient factories, and for 
a long time it was only possible to devise special installations for 
each case according to the nature of the materials to be conveyed. 
To diffioultujs of this nature another had to bo added arising from 
the plan of the factories themselves. The greater part of them, as 
is well jknown, had a very modest beginning. They have de- 
veloped gradually and have iooroasod their productaon in a measure 
quite out of proportion with the working space at their disposal, so 
much so that there is no room for installing conveyors. These 
are reduced to the installing of lifts and small rails of the Beoau- 
vLllfl type. The systems used for conveying raw materials already 
warehoused or to be warehoused may be reduced to three : the 
continuous system, the funicular suspended rails, and the electric 
suspended rads, which hardly go back fifteen years. The continuous 
system is already known, having been in use for a long time in all 
industries. It will suffice to point out a very neat improvement 
which has lately been made by Ad. Eleichertand Co. In continuous 
■systems, whether the conveyors are bauds or cups, work is eooliued 
to the same plane, All onp or chain conveyors known up to now 
other than diose ou the Ad. Bleichert and Go’s system have the 
drawback of working in the same plane, and consequently entail a 
transhipment of the materials when it is desired to convey the 
materials in different planes. This transhipment entails costly 
plant, consumes motive power uselessly, and exhausts the material. 
The mono-rail cup system of Ad. Bleichert and Go. suppresses 
these drawbacks, for the cup-chain continues to pass from one plane 
to another by aid of suitable guides. Tig. 54 shows the section, of 
the cups of this ingenious system. Eiga. 55 and 56 are photographs 
•of installations of this system at work. Pig. 57 is an application of 
(316) 
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tliis oiip -chain to the haodliug of fuel and law material in a 
chemical factory. This firm has likewise brought the electric auto- 
matic systems with intermittent charges to auch perfection that they 
have spread enormously for some time back In Europe in metal- 
lurgical works and chemical factories. This process of automatic 
eiectno haudliiig oonsiata in cauaing an automatic car to vshich ifl 
suspended a bin to convey the material to run over an aerial 
railway. The current is led to this electric car by a bronze wire. 
Eig. 58 repiesents this system, which has this great advantage, that 
any desired shape may be given in a horizontal piano to the rigid 
aerial railway, so that it can go round the multiple ob'structionB- 
which it meets not only in old factories but 'even in those still under 
construction. An electric auLuinotor truck such as is shown in 
Kg. 58 cmi turn in curves of two metres radius. The Americans, it 
is true, were the promoters of a system called “ Telpherage, " which 
was likewise based on the conveyance of heavy unitary loads on 



t'ro, 54.— Section of Klevating Cups (Ad. Blcichert and Co.), 


rigid robust aerial railways suitably sustained, but the principal ob- 
stacle to the extension of their system was that it barely attained a 
yield of 12 per cent, due to the want of proportion existing between 
the weight of the rolling car and that of the useful load to be con- 
veyed. These weights were in fact in the ratio of 5 to 1, But if 
the first thing to be done was to reduce the weight of the car and 
the bin which form the truck as much as possible, taking into ac- 
count the safety of the workmen, it was necessary also to create 
from the triple point of view of economy, simplicity and rapidity 
of transport, all the other parts of a complete installation. The 
plant and rolling stock for transport, such as the exigencies of 
modern factories demand, should include points and automatic safety 
apparatus, and above all the automatic travelling of the individual 
wagons independent of any handling as well as the greatest possible 
speed. -The system devised by Ad. Bleichert and Co,, owing to the 
ingenious arrangements of its rails, points, and curves, combi nea 
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driving of the oars, For this purpose the carrying track becomes a 
strong stair and rejoins in a few metres an uppe)- part on bearings, 
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and on this stair the car is not driven by its own motor. A special 
system consisting of a motor and a chain or cable, mnning above the 
rail on the stair, pulls the car along in the following manner; A hook 
fixed ill the car catches the chain which drives the fixed motor of 
the stair, 'i'he carrying system is drawn up to the moment when 
the hook quits it, which happens when the car reaches the ele- 
vated part or bearings, When the car catches on the stair the 
einrent from its own motor ceases, whilst it puts the cable in 
motion by means of another special motor which auliuatea it with 
a uniform motion. At the moment when the car reaches the 
upper extremity of the inclined flection, the inverse occurs. This 



Fio. 58.— Eleetric Automotor Truck, 


manner of traversing the stair is very advantageous ; it permits a 
low- power motor to be used on ’the car, If the car motor had to 
ascend a considerable incline of itself, it would require to have a 
much greater force, hence a considerable weight increase of the 
section of the carrier, and consequently an increase of expense in 
the initial installation and working expenses (it would require in fact 
motors six to ten times more powerful per car). There are cases, 
however, where in consequence of considerations special to the 
problem to be solved, it is preferred instead of this mixed solution 
to solve the problem of removing material by means of indepen- 
dent arrangements enabling each to surmount the difllcultieH eu- 






m 


CHEMICAL MANURES. 


countered. Automatic handling inatallations can in fact he seen 
consisting of a network of the syateni of cup-chain elevators com- 
bined with an fileotrio network, or conaieting of some one .of these 
with the third system, that is to say the funicular rope system. For 
example, Fig. 59 ahowa a conveying inatallation in a auporphosphate 
factory in which very considerahle differences in level had to be 
spanned. It was a question especially of conveying the raw phos- 
phate discharged from ships into a shed through the whole factory 
by an overhead railway to bring it into the superphosp)hate factory 
situated, behind, and to lift the superphosphate there and deposit it in 
a shed from which it is charged into railway wagons. In these 
transfers all handling had to he avoided. The superphosphate shed 
is connected with the factory by a cable conveyor starting from the 
point g, and reaching about 8 metres (say 26 feet) in height, going 
round the factory and bringing its bine into a discharging hopper in 
which they are tip- tilted. The finished superphosphate is in its 



turn poured by means of an elevator into a hopper installed on the 
roof, from whence it is conveyed by means of an electric aulomatie 
superphosphate conveyor installed above the raw’ phosphate con- 
veyor. The tilting of tho bins in the hall ol the depot, their return 
and their stoppa,ge at the point of loading, are carried out in an 
absolutely automatic manner. Fig. 64 shows the system of rolling 
and of tilting the electric superphosphate bins above their depot ; 
the sections of the figure (Fig. 60), c d, a b, ef, show the arrauge- 
meut oI the railways. There wdll he seen on the section c d tho 
elevator described above, which serves to pour the superphosphate 
into the bins of the cleciric automatic system. This question of the 
elevation of material leads to the description of another method 
generally used to elevate material to levels capable of sometimes 
reaching 10 metros (03 feet) of vertical dlfforonoc in level. The 
system of rope traction of oars, ordinary or electrical, on a stair to be 
spanned such as that shown in the section g hoi Fig, 69, can only 
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be judiciously employed when the tonnage- and the difference in 
level warrant it, For average tonnage and less, and for vertical 
diffcrcucts in level up to about 6 to 7 metres, a special system of 
antomotor car with crane is used such as shown in Fig. 61. It will 
be seen in that figure that between the bin and the car properly so 
called there is geared an electric crane with its commutators, mag- 
netic brake and different arrangements to render the whole of the 
necessary manoeuvres automatic once the current is applied to the 
whole of the ear. By this system and hy the aid of coaiplomeutary 
arrangomcnts of the line, tlic whole of the car can ho arrested in any 
desired point of its course to pass the 
currout automadcally from the upper 
translating motor to the lower motor of 
descent, and of lifting, driving the crane 
at will; automatically to tilt the bin of 
its contents by the action of the electro- 
magnet and its lifting crane, affor which 
the empty bin coming to its highest posi- 
tion acts at the same time on a contact 
which again causes tlie current to pass 
from the elevating and descending crane 
to the propelling crane, and the whole of 
the oar starts in motion again to return 
to the place where the bins are filled. 

The latter are filled by themselves at the 
hopper by a manoeuvre, say exchanged 
against others filled between times in the 
■cniirse of the journey of the preceding 
ones. In geueral, these aulomolor oara 
consist of two cheeks of eaat-steel firmly 
held together by cast-iron cross- pieeea be- 
tween which are lodged cmcible cast-steel 
pulleys with deep grooves, the bosses of 
which turn freely on axes of phosphorous pjo. fil.— Special Aatomotor 
bronze acting as lubricating reseiToirs. Klectrio Car with Crane. 

A wheel gearing with the steel pinion of 
the ftlecfcrie motor is fitted on the outside of one of these pulleys, 
and on the boss of the other a brake pulley is mounted, the band 
■of which stretched on a powerful spring, on Ihe typo of a coach- 
spring, is automatically liberated when at work by an electro- 
magnet. There are a very large num ber of these types of electrical 
•cars, so as to respond to the different pi'oblems occurring in in- 
tlustry. For example, Fig. 62 shows a special system of car for 
spanning very sharp curves. There will also be seen from the 
figure the difficulties which had to be surmounted in a factory 
.the free space of which at this point is restricted, as shown in 
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the engraving. It also shows the use of bins with bilateral dig- 
charge by the unlatching of the ayateiii of closing of their side doors. 
Fig, 6H shows a bin of this system hooked to a special «car with 
a specially arranged crane, and is used in the siloing of various' 



Fig. &2,— View ot Speoial Eleetrio Car Coaveying System turning rapid Curves. 

matcriala before being fed into the different hoppers. It will be 
seen that the bin shown in the engraving is fitted with a four- 
wheeled truck which enables it to ran on Lecaiiville railH in the 
space through which it proceeds to the filling of the bins. The most 
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important points of this system of electric traction most be described. 
If the railway is straight the speed may I’eacli 2 metres (6 ft. (5 in.) 
A second. But this is not generally the case, A system often 
contains very sharp curves, in which the car and the suspended bin 



li'Kj. fis,— Electric Conveying Car at Silo. 


ought to have a raucli lower speed than that given above, It will 
be seen that the centre of the system in motion being much lower 
than the rai tway on which it rolls, centrifugal force uotresponding 
to the speed nf 2 metres per second would cause the system to 
deviate appreciably from the vertical, which might cause mishaps. 
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To obviate this, in the Bleichert system resistances are fitted on the 
conductor at tiie passage oi curves, so as to diminish the speed only 
in thfi curved part of the coiirsfl ; in the straight liaes thaspefid is 
a maximum. Another peculiarity consists in the arrangement of 
the points; so long as the apex of the points is not well closed a 
commutator eleotrioally isoiates on the opening of the latter a, 
certain length of conductor up to the points itself. The car then 
becomes stationary in front of the points if these are badly shifted, 
which avoids accidents. The length of this insulated trunk is such 
that the truck cannot reach the points in virtue of the acquired 
speed. When it is not a case of heavy freights, the most practical 
system is that in which the trucks accomplish a double jouimey on 
the same line ; but In the case of important iustallationa the railway 
ia arranged in a circuit, so that the trucks can oiroiilate in the same 
direction and follow each other continuously, -So as to stop or start 
the trucks at any desired point, the naked conductor, which kuns- 
mits the energy to the trucks ia divided into Rections, insulated the 
one from the other, and as need he such and such sections are 
brought into circuit or out of circuit by simple commutators working 
automatically which can be placed at any necessary spot. 

The division of the line into separate sections has the advan- 
tage of forming a block system, which prevents any collision auto- 
matically, and any shock between the trucks at the points or the 
orossings. Each truck reaching a section interrupts automatically 
by means of a commutator the current from the section it has 
just quitted, so that the wagon following, arriving on this section 
which is thus out of circuit, stops of its own accord. As soon as 
the first of the trucks just described arrives at the end of the 
section which we have seen it enter, it automatically turns a com- 
mutator, which re-establishes the current ou the scelioo on which 
the following wagon ia standing, which can in this way continue 
its journey, repeating the preceding operations in the same cycle 
for the truck following. In that way no truck can reach crossings 
and points until the wagon which precedes is at a sufficient dis- 
tance, and before it can pass them in its turn. 

This arrangement, indispensable to any suspended electric 
railway on which a regular and safe service is required, produces 
at certain points — lor example, where the trucks are filled — ttic 
following effects. The truck reaches the spot where it is, filled, 
stops automatically, the ourrent on the section on which it is placed 
having been cut by the truck ahead. The workman, the only one 
generally required for operating these installations, opens the 
valve which shuts the hopper, thus allowing the matter to run into 
the bin, and after having received its charge, brings the section 
into circuit. If, owing to fortuitous circumstances, the loading of 
the truck takes rather long, a larger number of wagons would annve, 
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but it would 1)6 irnpossible for them to advance owing to the bloek- 
iog of the line, and they would be forced to arrange themselves at 
regular, intervals along the line. As soon as the charged truck 
starts, the following one advances aiitnmatically and stops at the 
hopper to receive its charge. The other ti-ucks follow the lead 
and advance one after the other until their turn comes to take their 
place at the hopper, and the same routine goes on continuously. 

As already mentioned, all supervision during the journey is 
absolutely superfluous, the trucks arc unloaded automatically, for 
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the bolts which hinder the bin from tilting or which keep the sides 
of the bin closed, unlatch themselves during the working by means 
of a bolt. Owing to these arrangements it is possible to obtain 
great traffic on the whole line. These aerial railways on the electric 
automatic system may be supported outside the building on wood 
or metal brackets, leaving below them the necessary freedom for 
working in the factory and assuming, consequently, shapes ap- 
propriate thereto. At other times, as a measure of simplification 
or economy, these rails are hooked on to wall brackets or even to 
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existing beamg. Pig. 
f)4: shows the auto- 
matic filling ((f silos 
by an electric railway 
suspended from old 
wooden beams, whilst 
^ Pig. G3 shows that the 

1 automatic electrical 
railway has been sue- 
pended from new me- 

■g tallic striictnrfis. The 
® system of bir and car 

2 of Pig. 61 is a stout 
5 thick-set system in a 
g vertical direction, tak- 
I ing into account that 
I the old wooden beam? 

of factories aro at this 
point surbased, that 
S they only allow of a 
J small heap, and that 
« thus all economy in 
the vertical height of 
,S the plant installed is 
s; particularly appreci- 

0 ated. On the other 
hand, in a new build- 

5 ing like that of Pig. 
S 63, the necessary ver- 
S tical height can be 
“3 calculated at leisure, 
s profiting in the de- 

1 signing of the plant 
^ by the advantages of 

2 a sufficient height to 
inatal an appropriate 

g ay.stem of transport, 
fi This systenu, so re- 
^ markable and so 
j. simple in itself, iu- 
“ snres the conveyance 
S with a minimum of 
handling of big ton- 
nages in as automatic 
a manner as possible. 

The Compagnie 
St.. Gobain, Ohauny 
et Cirey, has just 
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erected at its ChaDtcaay chemical works oear Najitaa an important 
installation of this nature. The photographs (Figs. 60-6G) show as 
a whnlfj similar installations in chsmioal factories and superphos- 
phate factories. The first is the Fommersdorf chemical factory 
and the second the Emmerich chemical inanure factory. These 
automatic conveying installations in factories where quantities of 
material are treated arc of capital Ijriportance for go-ahead manu- 
facturers desirous of lowering their wages bill and to place them- 
selves as far as possible beyond tijc nsk of strikes. It would lead 
us too far to develop all the applications which can be made of 



Fra. 66.— Genera] Ai'canRement oi ElectrienJ Cuiiveyiii{^t Miujbi'iiery in 
limmerieh Cheinical Manure factory. 

this system, the more bo as each new problem leads to a new 
solution. It is to be hoped that enough has heeu wiid for readers 
to havo at their finger-ends all the advantages of these new systems 
which not only are already spread tliroughont Prance, but have 
more especially a considerable development abroad. We cannot 
terminate this slight review of these automatic conveyors without 
bringing to mind that the question of the automatic conveyance of 
raw materials from the ships or wagons in which they arrive ia 
likewise an important question, especially for lai*go factories. Fig. 
fi7 shows the view of an automatic conveyor installed by the 0 <m- 
pagnU St Gobain at its Roncau chemical factory. Fig, S8 shows 
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Flo, 67. — Eleatricftl Tran8lil[nnftnt Plant, gt. Go bain’ r Chemijcnl Faotorv. 
Boacau. 
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:a conveyor of this nature installed for a German factory of chemi- 
cal products by Ad. Blcichcrt & Go. Sometimes, as will be seen 
in Fig, 67, the cargo discharged from ships is simply disgorged by 
tilting-bins or slings into fixed or rolling hoppers or into rolling 
•stock, or sometimes, on the other hand, these automatic tran- 
shipping installations are continued hy automatic conveyors like 
those described above. The attention of those working phosphate 
deposits i.s drawn to the rope system adopted hy the Oenimle, 
des Phosphates d Paris for working its deposits of Bordj R’Uir. 

There will be seen in Fig. 611 a considerable development of 
these rope railways which collect the phosphate into the great 
warehousing hoppers at the railway station of El Anasser Galbois, 
Algeria. Local considerations, the price of labour, the greater or 
less tonnage to be discharged and handled, the regular or uiter- 
mitbent manner in which these transhipments or shiftings occur, 
can alone affoixl, in each case, the necessary data to solve the problem 
in the most satisfactory manner in the interests of the manufacturer. 
The best eoiirse for nrannfactnrers who occupy themselves with 
these questions more and more is to submit the problerii to the 
study of specialists trained by constant practice, 
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— hatagnnian, 49, 54-5. 
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liftit's, cle, di-aiumouiii still, 238. 
LamminteR mixture, 231. 

Land phosphates, 34-5. 

Langesnud chloraputite, uO-l. 
Tinvarithiil phoBphocitr, 50-1. 
Lafft«arid0rilbert'soapnriuic-iUs,.)l2-4. 
Lead-lined vessels, Li‘h 
Lealhei, dissolving, 2h5-7. 

— gaoding, JllO- 

— shavini'B, 394. 

Leysan Isje gnano, 40. 
Li«.sp}iu.sj[»liates, 20. 


Ijo 1 x)s lie 'ric.i'm giiiuio, 30 - 7 . 

I lOgiusan phosphori to, 52..’}. 

Lo.s Aves Isle iihtisplio giiKiut, .Vl-.i. 

Los Uoi|Ues gniuio, ill), 54-5. 

• -■ ii'on iihosphiites, 54 -.*, 

Lot iihosphiitos. 8oi‘ Ijiioi-oy. 
r,Ullgl'‘s lllllMlDDill. still, 2I>}}. 

Initjoiis' sin>erp[K)splinli‘ dvicr, l'i5 H. 

Lyme liegis plmspliKli's, 25, 52 H. 

M. 

Miuiiihi guiiiio, .'lO-T. 

Miignesin , 77, 2H. 

Magneshnn and potussjuin, iloiilili; mil 
pliaLe of. See Kainit. 

— oarlnniiLte, 107. 

— cliioride, H05, liOK. 

- plioKphiitp., 77. 

— silioate, itlA. 

— - sulphiile, 107, ii}l7. 

— - tetnipliosplifUi;, '211. 
idiiikopp jxitesh factories, ;-}l4. 

Aliiixe, ixitiislt ill ash of, 2115, 

Alrokiitoft, gniiiio, ;iil, l.s. 

.Malden [slaiid guano, ;)!), 41), 5(5-7, 84. 
Malogiie phosphate, 154. 

Maracaibo guano, 5f 5. 

Mary [slaml guano, 41), -oO-V. 

Mfiadowfi, loaiiiiru for, 111 , I IS. 
Mea.'juring lank, acid, IU 7 . 

Men, I meal, 180-7, '2.59, 200-1., 294. 
Mejillones guano, 45, 40, 49, 50-7, (is. 
MetaphosjiWte, ol lime, I'JH, 1-54. 
Meuse phosphates, 18-19. 

Mexican pliospiratcs, 08. 

Microhieide, phnsphatic peat as, 105. 
MUlsi for gi'indiug hones, 177-11. 

— riiw phosphiites, 84, 

Minei'vn I?le gntmo, .39, 

Mixer, Biiperphoaphatf, KH, 110. 

Mixi ng trials, 82. 

Mona IbIc guano, 31), 49, •54-5. 

Mond gas, ammonia plaid, 829-230. 
Monk'u isle guano, 41, 49. 

MnTiooiiiloic phoHphatea, 10, 11, 105. 
Monometallic oi'thophospliali', JO, 
Muriate of potash, ,S0l-r.7 

N. 


(fticocy, 

Liege phogplia.te«, '33- 

Li() «Udc.s, 9. 

'-'Ss X'S!-, . 

'lAl-'S. 

de .Muem K« 


ifitfiitues, mi. 
iMi guftuo. an, 4M. 
'H.SHII pliosLihales, mi, 
WeUlfjn, oiilHuh in. '296. 
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of liuiti, II, 271-7. 

— of naaDganbSb, 2211. 

— of potash, 218, 322, 394. 

— of silver, 218. 

— of soda, 140, 218, 294. 

boiling-point of solutions, 

221, 

Nitric acid, 218. 

— mtrogoii, ‘37-'>. 

Nitrogen, ammoniacal, 270. 

— nitric, 27-5. 

Nitrophosphatc, 148, 

Nitrons Kulphuric, as soivent for 
leather, etc., 191. 

Norwegian apatite, 27, 69. 

— jish guano, 292. 

0 . 

Oak tllter press fraines, 152. 

— patusti iij iisli of, 395, 

Oats, experiments on, 129. 

Ocean Isis phosphates, 56-7. | 

Onkrio apatite, CS-it. 

Orgaiiisui, function of It^O-, in, 9. 
Orthophosplioriciicid, 8-10, 129 .39. 
Orville phospimtes, 14, 1.'), 16. 

Ossein, 195. 

ORtfiolilc, 50-1. 

Ottawa Ap.itite, 52-3. 

P. 

Pabellon de Ihoa gnaw), -5(1-7. 
raieetine phosphorite, 58-i!, 

I’as de Calais phosphateH, 1,5, 16-18. 
Patagonia Kast Coa.st guano, 54-5, 
Patagonian, 49, -54-5. 

Peace RiVev phuspliatcs, 34-5, 52-;l. 
Pebble phosphates, 82-3,. 136, 

Peine coprolites, 50-1. 

Permian saunaiLs, 3. 

Pcrnes phosphate baHiii, 14. 

Phraiiix Tele guano, 39, 49, 56-7. 
Phoephati'fi, acid required to dissolve, 
80. 

— drying and euriohment, fiO-fifi. 

— geological distribution, 49. 

“ raw, description and geogi-aphical 
(llsli'ibulioii of deposits, 14, 69, 
Phoaphotic acid, 1-10. 

— — manufacture, 1-51-4, 

Phosphorus, 1-8. 

— mannfaoture, 167-172. 

Pigeon dnng, 278. 

Pine, potash in, 295. 

Plum tree wood for phosphoric aoid, 
1/52. 


Podolian phosphates, 52-3, 83. 

Polk Co. phosphates, 34. 

Pollen, phospiioriiH in, 6. 

Polyhalitfi, 300, 

Portugal apatite, 29, 

Port Iloyal phosphate, o2-3. 

PotaBh salts, 309, 311, 315. 

Russian, from sunfiower, 315, 

Potassinin and iiiagucsinui double sul- 
phate, .307. 

— liliospliale, 309- 

— oarbonate, 295, 
chloride, 215, 297, 315. 

— iiitratE, 218, 222, 294. 

— silicate, 399, 

— sulphate, 309-11. 

— superplioB|)laitc, 14<5-9. 

Precipitated plio.sphate manufacture, . 

83. V' 

Pnei'to Rico bat gmuin; .52-3. 

Pump for phoaphoi'i? acid, 154, 158-9. 

— piecipitaLcd phosphate filter press,. 

195-6, 

Pnnta do [joltos guiino, 56-7. 

I'eiieas phosphates, 23. 

Q. 

Quercy [Lot) phospiiaks, 22, 50-1. 
Cjuick-sppod Ixme cnifibei, 178. 

R. 

Rata pliosphatiis, 39,49, -51-5. 

Rasa island guano, 54- .5. 

Redouda phosphate, 39, 41, 49, 54-5. 

ntiliaatinn of, 161-4. 

Reduced phosphates, 161. 

Reeds, potash in ash of, 29-5, 

Remover, automatic, of Buperpimsphates', 
from den, 112-7. 

RutrogiaJatioii (rccUictiuii} of phoB- 
phates, 151. 

Hocks, primitive I'nO^ in, 2. 

Roller mill toothed for rawpliosphates, 
97. 

double for raw phosphates, 96. 

Ruasiaii black earth, TeJumuft Srm, .5_ 
~ phosphates, 28, 52-3. 

s. 

St. Martin’s phosphates, 49, -54-5. 

Sftl ammoniac, 2i)4, 

Baldanha Bay guano, -58-9. 

Salt, common, .HOG. 

Sardinian bat guano, 49, 50-1, ‘ 

Saurians, ,H. 
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a]>aLito, -iO. 

ijtiliOtiiLilii, SOO. 

Sca-fcivA flsuL’cgneul, '27S. 

Heed, phosphates in, 6. 

Setii phoephateR, 37. 

Hittx phusjidifi^lc.n, .lft-3. 

Shark’s Bay 41), 36-7, 

Sidney Islantl guano, 3S), 33-7, 

Sieves, 87-91, 103, 

Sifting maehine, 102. 

Silioates, (laleie, .312, 

Silicic fluoride, IKl, 

Silliwomi litter, 294, 

Silunan fish, 3. 

Skia debiiis, 17.7, 

Siow-speed buiie erusher, 177, 

Soilium and aiiiinnnimn phosphates, 

11 , 12 . 

— pliuapiiatefi, 11, 12. 

Soil iiiigrolioii <>I tihinijdiiii'io itoid in, 
8-4, 

— siiperplioHpiiaLes ijecome insoluble in 

the, 129. 

SoluhiliLy u! {.iluinplnitos in anil, 140-1. 
Sfliubrei'o pliospha.te'S, 39, 49, 54-o, M.4. 
Soirime jihaspluites, 14-1(5, .30-1, S2-3, 
lo4. 

South C:uTtliiift [iho.'<|)liateS| 30. 

Spanish phosphates, -i, iiO-il. 

Stamping null, 99, 

Sfcarbuck Island guano, 39, 49, -56-7. 
Stuvketdtaeh coproUtes, -50-1. 

Steaoii stillK lor Ji.iiiuioiiiaeftl liijum', 
240- 

Stei'contc, 12. 

Sl.riiv'ite, 12. 

SuHolk crag, 26. 

— coproliteH, 26. 

Snlpbophflsphate?, 160. 

Superhoatid superjihosphate, 129, 
Superphosphate, lionr!, 187-9, 

— of aiuiiionia, 143. 

— - .and potash, 146. 

— drying, 81, ’ 

— hietorical review, 97-72, 

— manufacture, 84-110. 

— mixing, 10-3-10. 


Siipsrphosphiue, shifting (lucchanioal), 

118. 

- sifting, 68, liJ7, 

-- storjiig Hiid rctiogmlat-ien, ill. 
Swan Island guano, 49- 
Byecite, phospliorns jh, 3. 
Svlviniie,2!W, 300, 811, 818. 

r. 

I'allaliasBc pli<jsphateB, &2-3. 

'rrbeswik plionphat.iM, 37, 38-9. 
'IclcoH(iunis,'2fj. 

; Tenuessec pluisphates, .52-3,82,83, 137, 
Testigos phospbatfiS, 41), -54-5. 

: - iron yiliosplkiitHs, 74-fr, 

' Tiirinr lulatui guiuio, 49, .78 9. 

’ Toothed rollei- mil), 97. 

; Toguevillc pliosirhatus, 58-9. 

Tricaleie pliosplmtes, ,50-69. 

Ti'uxillo phosphutes, -52-8. 

Tunis phesplwif'v, 49, 58-9. 

V, 

: 7\isseu\ fevfnentariotj pi'oe.cKs for re 
ces-ei'j of anmioni.t from spent 
w!ik1u 2()9-7(), 

VaualuBO phoephoj ite, 50-1, 

Yetolies. potash i u ash of, 296. 

Vine, potash in ash of, 29.'>, 

Vitroli^iHd hones, J87-9. 

^ Vivorilla (sland giisno, 49, 52-8. 

W. 

IViigncr's j'escarehes un UiBie alug, 197, 

, Wales phosphate, 62-3, 

: Wasserleljen phosphorite, 56-1. 

' Waste prill) I Kite, conversion into manure, 
3W-367. 

West Indian phosphates aruf pliosphn 
guanos, 49, -52-5-5, 

I Whale guano, 293. 

: Wheat straw, potash in ash of, 295. 
i Willow, potash in aab of, 29-5, 

! Wool, waste rags, etc., 194, 285, 
i WiironcRch phosphate, 52-3. 
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(Paints, Colours, Pigments and 
Printing Inks,) 

THE CHEMISTRY OF MOMENTS. By Ernest J. 

Parky, B.Sc, (Load,), F.I.C., F.C S., and J. H. Costb, F.I.C., 
F.C.S. Demy Svo. Five Illustrations. 2fi5pp, Price lOs, 6d. 
net. (Post free, I la, home ; I Is. 2d. abroad.) 

THE MANUFACTURE OP PAINT. A Practical 

Handbook for Paint Manufacturers, Merchants and Painters, 
By J. CRtJiCKSHANK SutTK, B.Sc. Second Bdition, Revised and 
Enlarged. Demy Svo. 288 pp, 80 Illuslrationa. Price 10s. Sd. 
net. (^st free, 11s. home ; Its. 2d. abroad.) 

DICTIONARY OF CHEMICALS AND RAW 
PRODUCTS USED IN THE MANUFACTURE 
or PAINTS. COLOURS, VARNISHES AND 
ALLIED PREPARATIONS. By George H. Hurst, 
F.C.S, Demy 8vo. [New Revised Edition in the Froj, 

THE MANUFACTURE OF LAKE MOMENTS 
FROM ARTIFICIAL COLOURS, By Francis H. 
Jknnison, F.I.C., F.C.S. Sixteen Celoured Mates, showing 
Specimens of Eighty-nine Colours, specially prepared from 
the Recipes given in the Booh. pp. Demy 8vo. Price. 
7s. 6d. net. (Post free, 6s, home; 8s. 2d. abroad.) 


THE MANUFACTURE OF MINERAL AND LAKH 
PIGMENTS. Containing Directions for the Manu- 
facture of all Artificial, Artists and Painters' Colours, Enamel, 
Soot and Metallic Pigments, A text-book for Manufacturers, 
Merchiints, Aiiists and Painters.. By Dr. Josef Bersch. 
Translated by A. C. Wkight, M.A. (©.tun.), B.Sc. (Lord.). Forty- 
tbiee Illustrations. 'Db pp. Demy Svo. Price 12a. 6dl. net. 
(Post free, 13s. home; 13s. fid. abroad.) 


RECIPES FOR THE COLOUR, PAINT, VARNISH, 
OIL, SOAP AND DRYSALTERY TRADES. 

Compiled by An AvAr.YTiCAi. Chkmisv. 330 pp. Second Revised 
and Enlarged Edition. Demy Svo. Price Ids. fid. net. (Post 
free, Us, home ; Us. 2d, abiord.) 

OIL COLOURS AND PRINTERS’ INKS. By Louis 
Edgar ANois. Translated from the German. 215 Crown 
Svo. 56 niustration'^. Price Ss. net. (Post free, 5s. 4d. home 
and abroad.) 
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MODERK PRINTINO INKS. A Practical Handbook 

for Printing Ink Manufacturers and Printers. By Alfred Sey- 
mour. Demy 8vo, Six Illustrations. 90 pages. Price .Ss. net, 
{Post free, 5a, 4d, home and abroad.) 

THREE HUNDRED SHADES AND HOW TO MIX 
THEM, For Architects, Painters and Decorators, By 

A. Desaint, Artistic Interior Decorator of Paris. The book con- 
tains 100 folio Plat’es, measuring 12 in. by 7 in., each Plate con- 
taining specimens of three artistic shades. These shades are all 
numbered, and their composition and particulars for mixing are 
fully given at the beginning of the book. Each Plate is inter- 
leaved with grease-proof paper, and the volume is very artistic- 
ally bound in art and linen with the Shield of the Painters’ Guild 
impressed on the cover in gold and silver. Price 218. net. (Post 
free, 213, 7d. home; 22s. 2d. abroad, 1 

HOUSE DECORATING AND PAINTING. By W. 

Norman Brown . Eighty-eight Illustrations, ISO pp. Crown 
Svo. P/ice 33. 6d. net. (Post free, 3s. lUl. home aild abroad.) 

A HISTORY or DECORATIVE ART. By W. Norman 

Brown. Thirty-nine Illustrations, 96 pp. Crown Svo. Price 
la. net, {Post free, Is. 4d. home and abroad.) 

WORKSHOP WRINKLES for Decorators, Painters, 
Paperhangers, and Others, By W. N, Brown, Crown Svo. 
128 pp. Second Edition, Price 2s, 6d. net. (Post free, 2a, ICkl. 
borne and abroad.) 

CASEIN. By Robert ScHEREEt Translated from the 
German by Chas, Salter. Demy Svo. Illustrated. Second 
Revised English Edition. 160 pp. Price 7s. Gd. net, (Post free, 
8s. home and abroad, ) 

SIMPLE METHODS FOR TESTING PAINTERS' 
MATERIALS. By A. C. Wright, M.A. (Oxon.), 

B. Sc. (Loud.). Crown Svo. 160 pp. Price 6s. net. (Post free, 
6s. 4d. home and abroad.) 

ntON-OOEROSION, ANTI-POULING AND ANTI- 
CORROSIVE PAINTS. Translated from the German 

of Louis Edgar Andes. Sixty-two Illustrations. 276 pp. 
Demy Svo. Price 10s. 6d, net (Post free, lls. home and 
abroad.) 

THE TESTING AND VALUATION OF RAW 
MATERIALS USED IN PAINT AND COLOUR 
MANUFACTURE, By M. W. Jones, P,C.S. A 
Book for the Laboratories of Colour Works. 88 pp, Crown 8va. 
Price 5s, net, (Post free, Ss, 4d. home and abroad.) 

For conitiits of ihisf booAs, s£6 List 1, 
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THE MANUFACTURE AND COMPARATIVE 
.MERITS OP WHITE LEAD AND ZINC WHI TE 

PAINTS, By G. Pbtit, Civil Engineer, etc. Trans- 
lated from the French. Crown 8vo. 100 pp. Price 4s. net 
(Post free, 4 b. 4d. home and abroad.) 

STUDENTS’ HANDBOOK OP PAINTS, COLOURS, 
OILS AND VARNISHES. By John Furnkli. 
Crown 8vo. 12 Illustrations. 96 pp. Pfice28.6d.net. (Post 
free, 2s. lOd. home and abroad.) 

PREPARATION AND USES OP WHITE ZINC 
PAINTS. Translated from the French of P. Fleury. 
Crown 8vo. 280 pages. Price 6s, net. (Post free, 6s, 5d. home ; 
6s. 6d. abroad.) 


(Varnishes and Drying Oils.) 

THE MANUFACTURE OF VARNISHES AND 
KINDRED industries; By J. Gbddes McIntosh. 

Second, greatly enlarged, English Edition, in three Volumes, 
based on and including the work of Ach. Livache. 

Volume I.-OIL CRUSHING, REPINING AND 
BOILING, THE MANUFACTURE OF LINO- 
LEUM, PRINTING AND LITHOGRAPHIC 
INKS, AND INDIA-RUBBER SUBSTITUTES. 

Demy 8vo. ISO pp. 29 Illustrations, Price 7s. 6d. net. 
(Post free, 7s. lOd. home and abroad.) 

Volume II.-VARNISH MATERIALS AND OIL- 
VARNISH MAKING. DemySvo. 7(Mllust rations. 
220 pp. Price 10s. 6d, net. (Post free, 11 s, home and abroad.) 

Volume IIl.-SPIBIT VARNISHES AND SPIRIT 
VARNISH MATERIALS. Demy 8vo, Illustrated. 
464pp. Price 128, 6d. net. (Pnst free, 13s. home; 138, 2d. 
abroad.) 

DRYING OILS, BOILED OIL AND SOLID AND 
LIQUID DRIERS. By L. E. Aweds. Expressly 
Written for this Series of Special Technical Boohs, and the 
Publishers hold the Copyright tor English and Fureign Editions. 
Second Revised Edition. Forty-three lllustratmns. 352 pp. 
Demy 8vo. Price 12s. 6d. net, (Post free, 13s. home; 13s. 2d. 
abroad.) 

{Analysis of Resins, see page 9.) 
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(Oils, Fats, Waxes, Greases^ Petroleum.) 

LUBBICATINa OILS, FATS AND OBEASES : 

Their Origin, Preparation, Propei^ies, Uses and Analyses. A 
Handbook for Oil Manufacturers, Refiners and Merchants, and 
the Oil and Pat Industry in General. By George H. Hvkst, 
F.C.S. Third Revised and Onlai^ Odition. Seventy-four 
Illustrations. 3S4 pp. Demy Svn. Price 10s. 6d. net. (Post 
free, 11s. home; 11s. 2d. abroad.} 

MINERAL WAXES; Their Preparation and Uses. By 
Rudolf Gregorius, Translated from the German. Crown 8vo. 
2S0 pp. 32 Illustrations. Price 6s. net. (Post free, 6s. 5d. 
home ; 6s. 6d. abroad.) 

THE PRACTICAL COMPOUNDING OF OILS, 
TALLOW AND GREASE FOR LUBRICA- 
TION, ETC. By All Expert Oil Refiner. Second 

Edition. Demy 8vo. UK) pp. Price 7s. 6d. net! (Post free, 
7s. lOd. home ; Ss. abroad.) 

THE MANUFACTURE OF LUBRICANTS, SHOE 
POLISHES AND LEATHER DRESSINGS. By 

Richard Brunner, Translsfted from the Sixth German Edition. 
Second Hnglisli Edition. Crown 8vo. 188 pp. 10 Illustrations. 
Price 7s. 6d. net. (Post free, 8s. home and abroad.) 

THE OIL MERCHANTS’ MANUAL AND OIL 
TRADE BEADY RECKONER. Compiled by 
Frank F. Shbrsiff. ^Second Edition Revised and Rnlarged, 
l>emy8vo, 214 pp. With Two Sheets of Tables, Price 7b. 6d. 
net. (Post free, home ; Bs. 2d. abroad.) 

ANIMAL PATS AND* OILS: Their Practical Pro- 
duction, Purification and Uses for a great Variety of Purposes, 
Their Properties, Falsification, ami Examination. Translated 
horn the German of Uiuis Edoar ANois. Sixty-two Illustrations. 
240 pp. Second Edition, Revised and Enlarged. Demy 8vo. 
Price 10s. 6d. net, (Post free, 11s. home and abroad.) 

VEGETABLE FATS AND OILS : Their Practical 

Preparation, Purification and Employment for Various Purposes, 
their Properties, Adulteration and Examination. Translated 
from the German of Louis Euuak An oils. Ninety- four Illus- 
trations. 340 pp. Second Edition. Demy 8vo. Price lOs. 6d. 
net, (Post free, 11s. home; ils. 2cl. abroad.) 

EDIBLE FATS AND OILS : Their Composition, Manu- 
facture and Analysis. By W. H. Siumons, B.Sc. (Lond.), and 
C. A. Mitchell, B.A. (Oxon.). Demy 8vo, ISO pp, Price 
78, 6d. net. (Post free, 7s. lOd. home and abroad.) 


For coitUnls of thfit bookt, ue Liif /, 
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(Glycerine.) 

OLYCBBINE : Its Production, Uses, and Examination. 
By S. W. Koppe. Translated from tKe Second German Edition. 
260 pp, 7 lUustratiotis. Crown 8vo. Price 78. 6d. net, (Post 
free, 8s. home and abroad.) 


(Essential Oils and Perfumes.) 

THE OHBMISTKY OF ESSENTIAL OILS AND 
AKTIPIOIAL PEEFUMBS. By Ernest J. Parry, 
B.Sc. (Londi), P.I.C., F.C.S. Second Edition, Revised and 
Enlarged. 5S2pp. 20 Illustrations. Demy 8vn. Price 12s, M. 
net. (Post free, 133, Id. home; ISs. 8d. abroad.) 


(Soap Manufacture.) 

SOAPS, A Practical Manual of the Manufacture of 

Domestic, Toilet and other Soups. By Georob H. Hurst, F.C.S. 
2nd edition. 380 pp. eeilluatratlons. Demy 8vo. Price lUs. M. 
net. (Post free, 13s. home; 13s. 2d. abroad.) 

TEXTILE SOAPS AND OILS. Handbook on the 

Preparation, Properties and Analysis of the Soaps and Oils used 
in Textile Manufacturing, Dyeing and Pi'lnting. By GeorOE 
II. Hurst, F.C.S. Second Edition, Hevised and partly re- 
written by W. H, SiM«ON8, B.Sc. (Lond.j, Demy 8vo. 200 pp. 
11 Illustrations. Price 7s. 6d. net. (Post free, 83. home and 
abroad.) 

THE HANDBOOK OF SQAP MANUPAOTUBE. 

By Wm. H, Simmons, B.Sc, {Lend.}, F.C.S., and H. A. Appleton. 
Demy Svo. 160 pp. 27 Illustrations. Price 8s. 6d. net. (Post 
free, 8s. home and abroad.) 

MANUAL OF TOILET SOAPMAKING, including 

Medicated Soaps, Stain-remtmng Soaps, Metal Polishing Soaps, 
Soap Powders and Detergenta, Translated (rum the Gernuin 
of Dr, C, Deite. Demy 4to. 150 pages. 79 IllustrationB, 
Price 12s. 6d. net. (Post free, 18s, hume ; 13s. 4d. abroad.) 


(Cosmetical Preparations.) 

COSMETICS: MANUFACTURE, EMPLOYMENT 
AND TESTING OF ALL COSMETIC 
materials and cosmetic SPECIALITIES. 

Translated from the German of Dr. Theodor Roller. Crown 
Svo. 262 pp. Price 5s. net. (Post free, Ss, Sd. home ; Ss. (U. 
abroad.) 
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(Glue, Bone Products and Manures.) 

GLUE AND GLUE TESTING. By Samuel Rideal, 

D.Sc. (Lond.), Second Edition, Revised and Enlarged. Demy 
8 vo. 196 pp. 14 Illustrations. Price lOs. 6d. net. (Post free, 
Us. home and abroad.) 

BONE PRODUCTS AND MANURES : An Account 
of the most recent Improvements in the Manufacture of Fat, 
Glue, Animal Charcoal, Size, Gelatine and Manures. By ThomaS 
LAMBERr, Technical and Consulting Chemist. Second Revised 
Edition, Demy 8vo. 172 pages. 17 Illustrations, Price 7s. fid. 
net. (Post free, 63. home and abroad.) 

(iS« also C ft (meal Manures, p. 9.) 

(Chemicals, Waste Products, etc.) 

REISSUE OF CHEMICAL ESSAYS OF C. W. 
3CHEELE. First Published in English in 1786. 
Translated from the Academy of Sciences at Stotkhoim, with 
Additions. 300 pp. Demy Svo. Price 5s. net (Post free, Sa. fid. 
hume and abroad.) 

THE MANUFACTURE OF ALUM AND THE SUL- 
PHATES AND OTHER SALTS OF ALUMINA 
AND IRON. Their Uses and Applications as Mordants 
in Dyeing and Calico Printing, and their other Applications in 
the Arts, Manufactures, Sim it ary Engineering, Agriculture and' 
Horticulture, Translated from the French of Lucien Gesch- 
■WIND. 195 Illustrations. 400 pp. Royal Svo. Price 12s. fid. 
net. (Post free, 13s. home; 13s. 2d. abroad.) 

AMMONIA AND ITS COMPOUNDS : Their Manu- 
facture and Uses. By Camille Vincent, Professor at the 
Central School of Arts and Manufactures, Paris. Translated 
from the French by M. J. Salter. Royal Svo. 114 pp. Thirty- 
two Illustrations, Price 5s. net. (Post free, 5s, 5d, home ; 
5&. 8d. abroad.) 

CHEMICAL WORKS : Their Design, Erection, and 
Ri|ulpnient. By S. 8. Dyson and S. S. Clarkson. Royal 6va 
220 pp. With 9 Folding Plates and 80 Illustration a. Price 213. 
net, (Post free, 21s. fid. home; 21s, lOd. abroad.) 

MANUAL OF CHEMICAL ANALYSIS, as applied 'to 

the Assay of Fuels, Ores, Metals, Alloys, Salts and other Mineral 
Products. By E. Prost, D.Sc. Translated by J. Crcickshank 
Smith, R.Sc, Royal 8vn. .300 pages. 44 Illustrations. Price 
12 b. fid. net. (Post free, 13s. home; ISs. 4d. abroad.) 

TESTING OF CHEMICAL REAGENTS FOR 
PURITY. Translated from the German of Dr. C, 
Krauch. Royal Svo. 350 pages. Price 12s. fid, net (Post free, 
13s. home ; 13s. 4d. abroad.) 


F(fr contents of ihise books, see List I, 
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SH^LB OILS AND TARS and their Products. By 

Dr. W. ScHEiTHAUER. Translated from the Gernian. Demy Svo. 
190 pages. 70 IIIustra.tions and 4 Diagrams. Price 8s. 6d. net 
(Post free, 9s. home and abroad,) 

THE BY-PRODUCTS OP COAL-GAS MANUFAC- 
TURE. By K. R. Lange. Translateti from the German, 
Crown 8va 164 pages. 13 Illustrations. Price Ss. net. (Post 
free, Ss. 4d. home and abroad.) 

INDUSTRIAL ALCOHOL. A Practical Manual on the 

Production and Use of Alcohol for Industrial Purposes and for 
Use as a Heating Agent, as an lUuminant and as a Source of 
Motive Power. By J. G. McIntosh. Dcmy8vo. 1907. 250 pp. 
With 75 Illustrations and 25 Tables. Price 7s. 6d. net (Post 
tree, 8a. home and abroad.) 

THE UTILISATION OP WASTE PRODUCTS. A 

Treatise^on the Rational Utilisation, Recovery and Treatment of 
Waste Products of all kituls. Ry Dr. Theodor Roller. Trans- 
lated from the Second Revised German Kdition. Second English 
Revised Edition. Demy 8vo, 336 pp, 22 Illustrations."' Price 
7s. 6d. net. (Post free, os. home; 83. 2d. abroad.) 

ANALYSIS OF RESINS AND BALSAMS. Trans- 
lated from the German nf Dr. Karl Dieter [CH. Demy 8vO. 340 
pp. Price 7s. 6d. net. (Post free, 8s, home and abroad.) 

DISTILLATION OP EESlNS, RESINATE LAKES 
AND PIGMENTS. CARBON PIGMENTS AND 
PIGMBNTS^OR TYPEWRITING MACHINES, 
MANIFOLDERS, ETC. By Victor Schweizer. 

Demy 8 VO. 185 pages. 68 Illustrations. Price 7s. 6d, net, (Post 
free, 8s. home and abroad.) 

DISINFECTION AND DISINFECTANTS. By M. 

Christian. Translated from the German. . Crown 8vo. 112 
pages. 18 Illustrations. Price 5s. net. (Post free, Ss. 4d. home 
and abroad.) 


(Agricultural Chemistry and Manures.) 

MANUAL OP AGRICULTURAL CHEMISTRY. By 

Herbert Ingle, F.l.C., Late Lecturer on Agricultural Chemistry, 
the l>eeda University; Lecturer in the Victoria University. 
Third and Revised Edition. 400 pp. 16 lllustrafionH, Demy 
8vo, Price 78. fid. net. (Post free, 8s. home ; Ss. 2d. abroad.) 

(CHEMICAL MANURES. Translated from the French 
of J. Fritsch. Deray 8vo. Illustrated. 340 pp. Price lOs. 6d. 
net. (Post free, lls, home; 11s. ‘2d. abroad.) 

(Sie< flifo Product J amt Manuta, p. 8.) 
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{Writing Inks and Sealing Waxes.)* 

INE MAHUFACTUBE : Including Wfiting, Copying, 
Lithographic, Marking, Stamping and Laundry Inks. By 
SlOHUHD Lehner. Translated from the German of the Fifth 
Edition. Second Revised and Enlarged English Edition. 
Crown 8vo. ISOpages, Three 11 Lustrations. PriceSs.net. (Post 
free, 69 . 4d. home and abroad.) 

SEALING - WAXES, WAFERS AND OTHER 
ADHESiyXS FOB THE HOUSEHOLD, OFFICE, 
WORKSHOP AND FACTORY. By H. C. Standage. 
Crown Svo. 96 pp. Price Ss. net, (Post free, Ss, 6d. home and 
abroad.) 

(Lead Ores and Lead Compounds.) 

LEAD AND ITS COMPOUNDS. By Thos. Lambert, 

Technical and Consuiting Chemist. Demy Svo. 2&6 pp. Forty 
Illustrations. Price7s.6d.net (Post free, 8s. home and abroad.) 

NOiraS ON LEAD ORES : Their Distribution and Pro- 
perties. By Jas. Fairie, F.G.S. Crown 8vo. 64 pages. Price 
la. net, (Post free, Is. 4d. home nod abroad.) 

{Whitt Lead and Zinc White Paints, see p. 5.) 

(Industrial Hygiene.) 

THE RISES AND DANGERS TO HEALTH OF 
VARIOUS OCCUPATIONS AND THEIR PRE- 
VENTION. By Leonard A, Parry, M.D., B.Sc. 
(Lond.). 196 pp. Demy 8vo, Price 78. bd. net (Post free, 
7s. lOd. home and abroad.) 

(Industrial Uses of Air, Steam and 
Water. ) 

DRYING BY MEANS OF AIR AND STEAM. Ex- 
planations, Formula;, and Tables for Use in Practice. Trans- 
lated from the German of E. Hausbrand, Second Revised 
English Edition. Two folding Diagrams, Thirteen Tpbles, and 
Two Illustrations. Crown 8vo. 76 pp. Price 5s. net (Post 
free, Ss. 4d. home and abroad.) 

(Sre also Condensing and Cooling Apparaivs,'" p, 18.) 

PURE AIR, OZONE AND WATER. A Practical 

Treatise of their Utilisation and Value in Oil, Grease, Soap, Paint, 
Glue and other Industries. Dy W. B. Cowell. Twelve Illus- 
trationa. Crown Svo. 85 pp. Price 5s. net. (Post free, Ss. 5d. 
home ; 5s. 6d. abroad.) 

contend of these books, set List IlL 



im INDUSTRIAL USES OF WATER. OOMPOSi- 
TION-EFFECTS-TROUBLES— REMEDIES- 
RESIDUARY WATERS-PURIHCATION-AN- 

ALYSIS. ^ H. DB LA Coux. Royal 8vo. Trans- 

lated from the French and Revised by Asthur Morris. 364 pp. 
135 Illustrations. Price ]0s. 6d. net. (Post free. Us, home; 
lU. 6d. abroad.) 

(Srr Books on Smoke Preoenlion, Engittetriiig and Metallurgy, p. 18.) 

(X Rays.) 

PRACTICAL X RAY WORK. By FRA^K T. Addymar, 

B.Bc. (Lond.j, F.I.C,, Member of the Roentgen Society of London; 
Radiographer to St George’s Hospital; Demonstrator of Physics 
and Chemistryi and Teacher of RadiogrAphy in St. George's 
Hospital Medical School. Demy Svo. Twelve Plates from 
Photographs of X Ray Work. Fifty-two Illustrations. 200 pp. 
Price fid. net. (Post free, Hs.home; 11s 2d.abroad.) 

(India-Rubber and Qutta Percha.) 

INDIA-RUBBER AND 6UTTA PERCHA, Second 

Fngiish Edition, Revised and Enlarged. Based on the French 
work of T, Seeliomann, G. Laky Torrilhon and H. FalcONNET 
by John Geodes McIntosh. Royai Rvo. UK) I llusl rations. 400 
pages. Price 12s. Gd. net. (Post free, 133. Id. home; ISs. 8d. 
abroad.) 

. (Leather Trades.) 

THE LEATHER WORKER'S MANUAL. Being a 

Compendium of Practical Recipes and Working Formuls for 
Curriers, Bootmakers, Leather Dressers, Blacking Manufac- 
turers, SuUdlers, Fancy Leather Workers. By H. C. Standaob. 
Demy 8va. 165 pp. Price 73. 6d, net, (Post free, Os. home 
and abroad.) 

{See also Manwfacture of Shoe Polishes, Leather Dressings, eU., p, 6.) 


(Pottery, Bricks, Tiles, Glass, etc.) 

MODERN BEICKMAKING. By Alkked B. Searle, 
Royal 8vo. 440 pages. 2150 Illustrations. Price 12 b. 6(L net. 
(Post free, 133. Id. home; 13s. 7d. abroad.) 

THE MANUAL OF PRACTICAL POTTING. Com- 
piled by Experts, and Edited by Chab- F. Bin ns. Fourth Edition, 
Revised and Enlarged. 200 pp. Demy Svo. Price 17s, 6d. net, 
(Post free, ISs, home ; 18s. 2d. abroad.) 

POTTERY decorating. A Description of all the Pro* 
ceases for Decorating Pottery and Porcelain. By R. Hainbach, 
Translate from the German, Crown 8vo. 260 pp. imnty- 
two Illustrations. Price 7s. 6d. net. (Post free, Ss. home ; 
83. 2d. abroad.) 
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A TREATISE ON CERAMIC INDUSTRIES. . A 

Complete Manual for Pottery, Tile, and Brick Manufacturers. By 
Bm[LE Bousry. a Revised Translation from the French, with 
some Critical Notes by Alfred B. Sbarle. Demy 8vo. .108 
illustrations. 460 pp. Pric^ 12a. 6d. net. (Po&tfree, 1^. home; 
ISs. 6d. abroad.) 

ARCHITECTURAL POTTERY. Bricks, Tiles, Pipes, 
Enamdlcd Terra-cottas, Ordinary and Incrust^ Quarries, Stone- 
ware Mosaics, Faiences and Architectural Stoneware. By I, eon 
Lef^vru. Transluted from the French by K. H. BiHD, M.A., 
and W. Moore Binns. With Five Plates, 950 Illustrations in 
the Text, and numerous estimates. 600 pp. Royal 8vq. Price 
15s. net. (Post free, 15s. 7d. home; IGs. 4d. abroad.) 

THE ART OP RIVETING pLASS, CHINA AND 
EARTHENWARE. By J. Howorth. Second 
Edition. Paper Cover, Price Is. net (By post, home or abroad, 
lB.2d.)' 

NOTES ON POTTERY CLAYS. The Distribution, 

Properties, Uses and Analyses of Hall Clnys, China Clay a and 
China Stone. By Jas. Fairie, F.G.S. 132 pp. Crown 8vo. 
Price 3s. 6d. net. (Post free, 4s. home and abroad.) 

HOW TO ANALYSE CLAY. By II. M. Ashby. Demy 

8vo. 72 pp, 20 Illustrations. Price 3s. 6d. net. (Post free, 
3s. lOd. home and abroad.) 

A HeisBue of 

THE HISTORY OP THE STAPPORDSHIRE POT- 
TERIES; AND THE RISE AND PROGRESS 
OP THE MANUFACTURE OP POTTERY AND 
PORCELAIN. With References to Genuine Specimens, 
and Notices of Eminent Potters, By Simuon Shaw. (Originully 
published in 1829.) 265 pp. Demy 8vo. Price Ss. net. (Post 
free, Ss. 6d. home ; 5s. lOd. abroad.) 

A Beiasue of 

THE CHEMISTRY OP THE SEVERAL NATURAL 
AND ARTIFICIAL HETEROGENEOUS COM- 
POUNDS USED IN MANUFACTURING POR- 
CELAIN, GLASS AND POTTERY. By Simeon 
Skaw. (Originally published in 1837.) 750 pp. Royal Svo. 

Price lOs. net. (Post free, 10s. 7d. home; 1 Is. Gd. abroad.) 

BRITISH POTTERY MARKS. By G. Wooixiscroft 

RheAD. Demy Svo. 310 pp. With over Twelve-hundred Ulus- 
trationa of Marks. Price 7s. 6d, net. (Post free, 8s, home; 
8s. 4<l. abroad.) 


For contmts of thtse books, S£t List III. 



(Glassware, Glass Staining and Painting.) 

EE0IPB5 FOR FLINT GLASS MAKING. By a 

British Ulass Master and Mixer. Sixty Recipes. Being Leaves 
from the Mixing Book of several experts in the Flint Glass Trade, 
containing up-to-date recipes and valuable information as to 
Crystal, Demi'Crystal and Coloured Glass in its many varieties. 
It contains the recipes for cheap metal suited to pressing, blow- 
ing, etc., as well ns the most costly crystal and ruby. Second 
Edition, Crown 8vo. Price tOs. 0d, net. (Post free, 10a. lOd. 
home and abroad.) ‘ 

. A TREATISE ON THE ART OF GLASS PAINT- 
ING. Prefated with a Review of Ancient Glass. By 
ErnbSI R. Suffling. With One Coloured Plate and Thirty- 
seven Illustrations. Oeitiy Rvo. 140 pp. Price 7s. 6J. net. 
(Post free, 89. home and abroad.) 


{Raper Making and Testing.) 

THE PAPER MILL CHEMIST. By Hbnky P. Stevrks, 
M,A„ Ph.D., F.I.e. Royal 12mo. 60 Illustrations. 300 pp. 

Price 78. 8d. net. (Post free, 7s. lOd, home ; Bs, abroad.) 

THE TREATMENT OF PAPER POE SPECIAL 
PURPOSES. By L. E. Andbs. Translated from the 
German, Crown 8vo, 48 Illustrations. 2S0 pp. Price 6s. net. 
(Post free, 6.S. 5d. home; 63. 6d. abroad.) 


(Enamelling on Metal.) 

ENAMELS AND ENAMELLING. For Eaamel 

Makers, Workers in Gold and Silver, and Manufacturers of 
Objects of Art. By Paul Randau. Second and Revised 
Edition Translated from the German. With (6 Illustrations. 
Demy 8vo. 260 pp. Price 10s, 6d. net. (Post free, lls. home; 
II 8. 2d. abroad.) 

THE ART OF ENAMELLING ON METAL. By 

W. Norhak Drown. Second Edition, Revised. Crown Hvo, 
60 pp. Price Ss, 6d. net. (Post free, 3s, lOd- home and abroad.) 


(Textile Subjects.) 

THE FINISHING OF TEXTILE FABRICS (Woollen, 

Worsted, Union, and other Cloths). By Rounds Beaumont, 
M.Sc., M.l.Mech.E, With 150 Illustrations of Fibres, Yarns 
and Fabrics, also Sectional and other Drawings of Fioishmg 
Maohinery. Demy 8vo, 200 pp. Price 10s. fid. Tiet. (Post free, 
lls, home; lls. 2d. abroad.) 

STANDARD CLOTHS: Structure and Manufacture 
(General, Military and Naval). By RobehtS Beaumont, M.Se., 
MlMecbE 342 pp. Numerous lUustratlons. W in 

Sittandciur. Demyfivo. P- 128. J 

free. 13s. borne ; 13s, 4d. abroad.) [7^^ publukid. 



llBBBS trSBD IN TEXTILE AND ALLIED IN- 
DUSTRIES. By C, Ainsworth Mitchell, B.A. 
{Oxon,), F.I.C., and R. M, Pridbaux, F.I.C. With ^ Illustra- 
tions specially drawn direct from the Fibres. Demy 8vO. 
200 pp. Price 7s, fld, net, (Post free, 8s. home ; 8s. 2d, abroad.) 

DRESSINGS AND FINISHINGS FOB TEXTILE 
FABRICS AND THEIR APPLICATION. De- 
scription of all the Materials used in Dres»ng Textiles: Their 
Special Properties, the preparation of Dressings and their etn- 
pLoyment in Finishing Lmen, Cotton, Woollen and Silk Fabrics. 
Fireproof and Waterproof Dressings, together with the principal 
machinery employed, Translated from the Third German 
Edition of Friedrich Polleyk. DemySvo. 280 pp. Sixty 
Illustrations. Price 7s. 6d, net. (Post free, 3s. home; Es. 2d. 
abroad.) 

THE CHEMICAL TECHNOLOGY OF TEXTILE 
FIBRES : Thtir Origin, Structure, Preparation, Wash- 
ing, Bleaching, Dyeing, Printing and Dressing. By Dr. Georo 
VON Geokqievicb. Translated from the German by Charles 
Salter. 320 pp. Forty-seven Illustrations. Royal 3vo. Price 
10a. 6d. net, (Post free, 11s. home ; 11s. 4d. abroad.) 

POWER-LOOM WEAVING AND YARN NUMBER- 
ING, According to Various Systems, with Conversion 

Tables. Translated from the German of Anthon Ghuner. With 
Twenty-Six Diagrams in Colours, iso pp. Crown Svo. Price 
7s. 3d. net. (Post free, 7s. lid. home; 3s. abroad.) 

TEXTILE RAW MATERIALS AND THEIR CON- 
VERSION INTO YARNS. {The Study of the Raw 

Materials and the Technology of the Spinning Process.) Dy 
Julius ^ipser. Translated from German by Charles Salter. 
302 Illustrations. 500 pp. Demy 8vn. Price 10s. 6d. net. 
{Post free, 11s. Id. home; 11s. 3d. abroad.) 

GRAMMAR OP TEXTILE DESIGN. By H. Nisbet, 

Weaving and Designing Muster, BoLlon Municipal Technical 
School. Demy Svo. 280 pp. 490 Illustrations and Diagrams. 
Price 6s. net. (Post free, 63. 5d. home; 6s. 8d. abroad.) 

ART NEEDLEWORK AND DESIGN. POINT 
LACE. A Manual of Applied Art for Secondary Schools 
and Continuation Claases. By M. E. Wilkinson. Oblong 
quarto. With 22 Plates. Bound in Art Linen. Price 3s, 6d, 
net. (Post free, 4s, home and abroad.) 

HOME LACE-MAKING. A Handbook for Teachers and 
Pupils. By M. E. W. Milroy. Crown Svo, 64 pp. With 3 
Plates and 8 Diagrams. Nm EdUion iu ih Pms. 

CHURCH LACE. By M. E. W. Mjlroy. in 

For eottttuls of these books, set List. II, 
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Ti^JB CHEMISTRY OP HAT MANUFACTURING. 

Lectures delivered before the Hat Manufacturers’ Association. 
By Watson Smith, P.C.S,, RI.C. Revised and Edited by 
ALBGEtT Shank. Crown 8vo. 182 pp. 16 Illustrations. Price 
7s. 6d. net. (Post free, 73. lid. home; Ss, abroad.) 

THE TECHNICAL TESTING OP YARNS AND 
TEXTILE FABRICS, With Reference to Official 

Speoifl cat ions. Translated from the German of Dr. J. Herzfbld. 
Second Edition. Sixty-nine Illustrations, 200 pp. Demy ‘8vo. 
Price lOs, 6d. net. (Post free, 1 Is. home ; 1 Is. 2d. abroad.) 

DECORATIVE AND FANCY TEXTILE PABRIOB. 

By R. T. Lord. For Manufacturers and Designers of Carpets, 
Damask, Dress and all Textile Fabrics. 200 pp. Demy 8vo. 
132 Designs and Illustrations. Price 7s. 6d, net. (Post free, 
$3. home; 8s. 2d. abroad.) 

THEORY AND PRACTICE OP DAMASK WEAV- 


ING. ^By H. Kinzer and K, Walter. Royal 8vo. 
Eighteen* Folding Plates. Six Illustrations. Translated from 
the German. IID pp. Price bs, 0d. net. [Post free, Ss, home ; 
9s. 2d. abroad.) 

FAULTS IN THE MANUFACTURE OF WOOLLEN 
GOODS AND THEIR PREVENTION. By 

Nicolas Reiser, Translated from the Second German Edition. 
Crown 8vo. Sixty-three Illustrations. 170 pp. Price 5s. net, 
(Post free, .‘is. 5d. Home ; 5s. bd. abroad.) 

SPINNING AND WEAVING CALCULATIONS, 

especially relating to Woollens. From the German of N. 
Reiser. Thirty-four Illustrations. Tables, 16(1 pp. Demy 
8vd. 1904. Price 10s. 6d. net. (Post free, 11s, home; Us. 2d. 
abroad.) 

WORSTED SPINNERS' PRACTICAL HANDBOOK. 

By H. Turner, 148 pp, 54 Drawings. Crown 8vo, Pi’icc 6s. 
net (Post free, 6s. So. home ; 6s, 6d. abroad.) 

ANALYSIS OP WOVEN FABRICS. By A. F. Barker, 

M.Sc., and E. MiniSLEY, Demy 8vo. 316 pp. Numerous Tables, 
Examples and 82 Illustrations. Price 7s, 6d. net, (Post free, 
8s. home ; Sa. 4d. abroad.) 

WATERPROOFING OF FABRICS. By Dr. S, Miek- 

ziNSKi. Second Edition, Kevised and Enlarged. Crown 8vo, 
140 pg, 29 Ilius. Price 5s, net, (Post free, 58, 5d. home; 
5s. 6d. abroad.) 

HOW TO MAKE A WOOLLEN MILL PAY, By 

John Machie, Crown 8vo. 76 pp. Price 3s. 6d. net. (Post 




16 


(Dyeing, Colour Printing, Matching- 
and Dye-stuffs.) 

THE COLOUR PRINTING OF CARPET YARNS, 

Hanuai for Colour Chemists and Textile Printers, By David 
Paterson, F.C.S. Seveateen Illustrations, lllfi pp. Demy 
8vo. Price 7s. 6d. net, (Post free, 8s. home and abroad.) 

TEXTILE COLOUR MIXING. By Daviu Patekson, 

F.R.S.E., F.C.S, Formerly published under title of *' Science of. 
Colour Mixing ”. Second Revised Edition. Demy 8vo, 140 pp. 
41 llltistrationa, with 5 Coloured Plates and 4 Plates showing 
Dyed Specimens. Price 7s, 6d, net, , (Post free, 8s, home ' 
Ss. 2cL abroad.] 

DYERS’ MATERIALS ; An Introduction to the Examina- 
tion, Evaluation and Application of the must important Sub- 
stances used In Dyeing, Printing, Bleaching and Finishing. By 
Paul Heerhan, Ph.D. Translated from the Uerman by A. C. 
Wrioht, M,A, (Own)., B.Sc. (Lond.). Twenty-four lllustrationa. 
Crown 8 VO. 150 pp. Price 5s.net. (Post free, Ss. 5d. home; 
5s. 6d. abroad.) 

COLOUR MATCHING ON TEXTILES. A Manual 

intended for the use of Students of Colour Chemistry, Dyeing and 
Textile Printing. By David Paterson, F.C.S. Coloured Frontis- 
piece. Twenty-nine Illustrations and Fourteen SpocimwiS Of 
Dyed FabriOO. Demy 8vo. 132 pp. Price 7s. 8d. ret. (Post 
free. 8s. home and abroad, 1 

COLOUR : A HANDBOOK OF THE THEORY OF 
COLOUR. By George H. Hurrt. With Eleven 
Coloured Plates and Seventy two Illustrations. Second Edition. 
Demy Svo. 168 pp. Price 7s, 6d. net, (Post free, 8s, home; 
8s. 2d. abroad.) 

THE ART OF DYEING WOOL, SIIIk AND 
COTTON, Translated from the French of M, Hellot, 
M. Macquek and M. le Pileur D'Apligny. First Published in 
English in 1789. Six Plates. Demy Svo. 446 pp. Price5s.net. 
(Post free, 5s. 6d. home; 6s. 4d. abroad.) 

THE CHEMISTRY OF DYE-STUFFS. By Dr. Georo 

Von GborgikVics. Tramdated from the Second German Edition. 
412 pp. Demy Hvo. Price 10s. Gd, net. (Post free, 11s, home; 
I la. 4:d. abroad.) 

THE DYEING OF COTTON FABRICS ; A Practical 
Handbook for the Dyer and Student, Dy Fsankun Beech, 
Practical Colourist and Chemist. 272 pp. Forty-four Illus- 
trations of Bleaching and Dyeing Machinery. Demy 8vo. 

(jVera RevisAd Edition in ihi Pr«s. 

THE DYEING OP WOOLLEN FABRICS. By 
Franklin Bkbch, Practical Colourist and Chemist. Thirty- 
three lllustrationB. Demy Svo. 228 pp. Price 7s. 6d. net. 

(Post free, 8s. home ; 8s. 2d. abroad.) 

Ver emUntj of fkeu froofts, sm LUt //, 
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(Silk Manufacture.) 

S1£E THROWING AND WASTE SILK SPIN- 
NING. By Holuns Rayner. Demy 8vo. 170 pp, 
117 111 us. Price 5s. net. (Post free, 5s. 5d. home ; 5s. Sd. abroad.) 

(Bleaching and Bleaching Agents.) 

A PRACTICAL TREATISE ON THE BLEACHING 
OP LINEN AND COTTON YARN AND FABRICS. 

By L, Tak-fer, Chemical and Mechanical Engineer. Trans- 
lated from the French by John Geddes McIntosh. Demy 8vo. 
dOil pp. Twenty IlluBtrations. Price 12s. €d. net (Post free, 13s. 
home; 13s. 4d, abroad.) 

MODERN BLEACHING AGENTS AND DETER- 

GENTS. By Professor Max BoTTr.£R. Translated 
from the German. Crown 8vo. 18 Illiiatrations. 180 pages. 
Price 5s. net. (Post free, 5s. 5d. home ; 5s. 6d. abroad.) 

(Cotton Spinning, Cotton Waste and 
Cotton Combing.) 

COTTON SPINNING (First Year). By Thomas 
Thornley, spinning Master, Bolton Technical School. 160 pp, 
84 Illustrations. Crown 8vo. Second Impression. Price ds. 
net, (Post free, 3s. .5d. home; 3s, fid. ahrnnd.) 

COTTON SPINNING / Intermediate, or Second Year). 
ByT. Thornley. Third Eaition, Revised and Enlarged, 320 pp. 
114 Drawings. Crown 8vo. Price 7s. Gd. net. (Post free, Ss. 
borne ; 8s. '2d. abroad.) Published. 

COTTON SPINNING (Honours, or Third Year). By 
T. Thornley. 216 pp, 74 Illustrations, Crown 8vo. Second 
Edition. Price 5s. net. (Post free, Ss. 5d. home; 5s. 6d. abroad.) 

COTTON COMBING MACHINES. By Thos. Thorn- 

ley, Spinning Master, Technical School, Bolton. Demy 8vo. 
117 Illuatrations. 300 pp. Price 7s. fid, net (Post free, 8s. 
home ; 8s. 4d. abroad.) 

COTTON WASTE : Its Production, Characteristics, 

Regulation, Opening, Carding, Spinningand Weaving. ByTwOAiJis 
Thornley, DemySvo. 286 pages. 60 Illustrations. Pncc7s, 6d, 
net (Post free, 8s. home; §3. 4d. abroad.) 

THE BING SPINNING FRAME; GUIDE FOR 
OVERLOOKERS AND STUDENTS. By N. Booth. 

Crown 8vo. 76 pages. Price 3s. net. (Post free, 3s. 4d. home 
and abroad.) 

(Flax, Hemp and JuU Spinning.) 

MODERN FLAX, HEMP AND JUTE SPINNING 
AND TWISTING. A Practical HanUbooIi for the use 
of Flax, Hemp and Jute Spinners, Thread, Twine and Rope 
Mahers, By Herbert H. Carter, Mill Manager, Textile Expert 
and Engineer, Examiner in Flax Spinningto the City and Guilds of 
London Institute. Demy 8vo. 1907. With 92 Illustrations. 200 
pp. Price7s.6d.net (Post free, 7s. lid. home; 8s. 2d. abroad.) 
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(Collieries and Mines.) 

RBCOVHRY WORK AFTER PIT FIRES. By Robert 

Lahpkecht, Mining Engineer and Manager. Translated from 
the German. Illustrated by Six large Plates, containing Seventy- 
six Illustrations. 175 pp. Demy 8vo. Price lOs. 6d. net., (Post 
free, t Is. home; lls. 2d. abroad.) 

VENTILATION IN MINES. By Robekt Wabnbr, 

Mining Engineer. Translated from the German. Royal 8vo. 
Thirty Plates and Twenty-two Illustrations. 240 pp. Price 
Uls. Od. nr.t. (Post tree, Ijs. home; lls. 6d. abroad.) 

THE ELECTRICAL EQUIPMENT OP COLLIERIES. 

By W. Galloway Duncan and David Puhman. Demy 8vo; 
910 pp. LSS Illustrations and Diagrams. Price 10s. 6d. net. 
(Post free, 11s. home; lls. 4d. abroad.) 

(Dental Metallurgy.) 

DENTAL METALLURGY; MANUAL FOR STU- 
DENTS AND DENTISTS. By A. B, Gkifkiths, 

Ph.D, Demy 8vo. Thirty-six Illustrations. 200 pp. Price 
7s. 6d. net. (Post free, Ss. home ; 8s. 2d. abroad.) 

(Engineering, Smoke Prevention and 
Metallurgy.) 

THE PREVENTION OF SMOKE. Combined with 
the Economical Combustion of Fuel. By W. C, Popplewbll, 
M.Sc., A.M, Inst., C.E., Consulting Engineer. Forty-six Illus- 
trations. 190 pp. Demy 8vo. Price 7s. 6d. net. (Post free, 
83, home; 8s. 2d. abroad.) 

GAS AND COAL DUST FIRING. A Critical Review 

of the Various Appliances Patented in Germany for this purpose 
since 1885. By Albert PCtbch. 130 pp. Demy Svti. Trans- 
laled from the German. With 103 Illustrations. Price 5a. net. 
(Post free, 5®. 5d. home; 5s. 6d, abroad.) 

THE HARDENING AND TEMPERING OF STEEL 
IN THEORY AND PRACTICE. By Fridoun 

Rhisbr. Translated from the German of the Third Edition. 
Crown 8vo. 120 pp. Price 6s. net. (Post free, 5s. 4d. home and 
abroad.) 

SEDEROLOGY; THE SCIENCE OP IRON (The 

Constitution of Iron Alloys and Slags). Translated from 
German of Hanks pREmERR v. JiJpTNEH. 350 pp. DemySvo. 
Eleven Plates and Ten Illustrations. Price 10s. Od.'nct. (Post 
free, lls. home; lls. 4d. abroad.) 

EVAPORATING, CONDENSING AND COOLING 
APPARATUS. Explanations, Formulae and Tables 

for Use in Practice. By E. Hausbrand, Engineer. Translated 
by A. C. Wright, M.A. (Oxon.), R.Sc. (LonL). With Twenty- 
one Illustrations and Seventy-six Tables. 430 pp. Demy 8vo. 
Revised English Edition. Price i2s. 6d. net. (Post free, 13s. 
home; 13s, 6d. abroad.) 

For (onUnft of that kooki, stt Lists II and III. 



(Tjie “Broadway” Series of Engineering 
Handbooks.) 

Ujiiform In Size: Narrow Crown 8vo- (Pocket Size.) 
Volume L— ELEMENTARY PRINCIPLES OF RE- 
INFORCED CONCRETE CONSTRUCTION. By 

Bwast S. Andksws, B.Sc. Eag. (Lond.). 200 pages. With 57 
liitistrations. Numerous Tables and Worked Examples. Price 
3s. net. (Post free, 3s. 5d. home ; Ss. fid. abroad.) 

.Volume II,— GAS AND OIL ENGINES. By A, 

Kirschkb. Translated and Revised from the German, and 
adapted to British practice. 160 pages. 55 Illustrations. 
Price 3 b. net, (Post free, 3s. 5d. home ; 3s. fid. abroad.) 

VOLIIMR Id. -IRON AND STEEL CONSTEUC* 
TIONAL WORK, By K. Schim^ler, Translated 

and Revised from the German, and adapted to British practice. 
140 pages. 115 Illustrations, Price 39. fid. net (Post free, 
3s, lid. home ; 49. abroad.) 

Volume I?.— TOOTHED GEARING. By G. T. White, 

B.Sc. (Lond.). 22U pages. 136 Illustrations, Price 3s, fid, net. 
(Post free, 3s. lid. home; 4s, abroad.) 

Volume V.— STEAM TURBINES : Their Theory and 
Construction. By II. Wilda. Translated from the German; 
Revised and adapted to British practice. 200 pages. 104 Illustra- 
tions. Price 3s. fid. net. (Post free, 3s. lid. home ; 4e. abroad.) 

Volume VI.— CRANES AND HOISTS. Their Construc- 
tion and Calculation. By H. Wilda. Translated from the German ; 
revised and adapted to British practice. 108 pages. 399 Illustra- 
tions, Price 3fj, fid. net. (Post free, 3s. lid. home; 4s. abroad.) 

Volume VH.— FOUNDRY MACHINERY. By R. 
Treiber. Translated from the German ; revised and adapted to 
British practice. 148 pages. 51 Illustmlions, Price3s.6d.net. 
(Post free, 3s. lid. home ; 4s. abroad.) 

VOLUMR Vlll.-MOTOR CAR MECHANISM. By 
W. E. DoMHETr, Wh.Ex,, A.M.I.A.E. 200 pages, 102 Illustra- 
tions, Price 3s. fid. net. (Post free, 3s. IJd. home ; 4s. abroad.) 
Volume IX.- ELEMENTARY PRINCIPLES OP 
ILLUMINATION AND ARTIFICIAL LIGHTING. 
By A. Blok, B.Sc. 240 pages. 124 Illustrations and Diagrams 
and ] Folding Plate. Price Ss. fid. net. (Post free, 3s, lid, 
home ; 4y, abroad.) 

Volume, X.— HYDRAULICS. By E, H. Sprague, 
A.M.I.C.E. 190 pages. With Worked Examples and 89 Illustra- 
tions. Price .3s, fid, net. (Post free, Ss. lid. home ; 4a, abroad.) 

Volume XI. - ELEMENTARY PRINCIPLES OP 
SURVEYING. By M. T. M. Ormsby, M.l.C.E.]. 

244 pages, With Worked Examples and 135 Illustratioog and 
Diagrams, including 4 Folding Plates, Price 4s. net. (Post free, 
4s. M, home; 4s, 6d. abroad.) 

Volume XIl.-THE SCIENCE OP WORKS MANAGE- 
MENT. By John Batey. 232 pages. Price 48. net. 
(Post free, 43. 6d. home ; 4s. fid. abroad.) 
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Volume XIII.-THE CALCULUS FOR ENGINEERS. 

Ry Ewart R. Andrews, B.Sc.Enf;. (Lend.), and H. Bryok 
Heywood, D.Sc. (Paris), B.Sc. {Loud.), 284 p^es. 102 Illustra- 
tions. With Tables and Worked Examples. Price 48. net. (Post: 
free, 4s, 5d. home ; 43, Cd. abroad.) 

Volume XIV. — LATHES : Their Construction and 
Operation, By G, W. Burley, Wh.Ex., A.M.I.M.E: 244 pages, 
200 lllustnitiijns, Price 3s. tid. net. (Post free, .8s. lid. home;. 
4s. abroad.) 

Volume XV. -STEAM BOILERS AND OOMBUS^ 
TION. By John Batey. 220 pages. 18 Diagrama. 
Price 4s. net. (Post free, 4$, 5d. home; 48. 6d. abroad.) 

Volume XV I. -REINFORCED CONCRETE IN PRAC-‘ 
TICE. ByA.ALEANH. Scott.M.S.A., M.C.I. 190 pp. 

130 Illustrations and Diagrams and 2 Folding Plates. Price 43. 
net. (Po.st free, 4s. ,‘id. Iiotne; 4&. Gd. abroad.) 

Volume XVII. — STABILITY OF MASONRY. 

E. H. Sprague, A.M.I.C.E. 180 pp. 92 Illustrations. 3 Folding; 
Plates and Worked Examples. Price 4s. net, (PoM free, 4s. Bd., 
home ; 4s. 6d. abroad.) 

Volume XVlIl,— TESTING OP MACHINE TOOLS, 
By G. W. Burley, Wh.Ex., A.M.I.M.E. 240 pp. 110 Illustra- 
tions. Price 4s. net. (Post free, 4s. 5d. home ; 4s. 6d, abroad.) 

Volume XIX.-BRIDGE FOUNDATIONS. By W, 

Burnside, M.I.C.E. 148 pp. 31 Diagrams. Price4s.net. (Post 
free, 4s. 4d. home and abroad.} 

Volume XX.-THE STABIUTY OF ARCHES. By 

E. H. Sprague, A.M.I.C.E. 150 pp. 58 Diagrams. .5 Folding 
Plates. Price 43. net. (Post free, 4s. Sd, home; 4a. 6d. abroad^ 
Volume XXI. - ELEMENTARY MATHEMATICS 
FORENGINEEKS. ByE.H,SpRAGUR,A,M.[nst.C.E. 

238 pp. 181 DiagnuTis. Price 4a. net. (Post free, 4 S. 5d. hornet. 
4s. Bd. abroad.) 

[IN PREPARATION.] 

CALCULATIONS FOE STEEL FRAME STRUCTURES. By W. C. CoCKixc, M.C.t. 
DRIVIMO OF MACHINE TOOLS. By t. R. Shaw. 

DESIQH OF MACHINE ELEMENTS (in 'I Vulumvs). By W. G. Dwkley. 
BLEMEKTS OF GRAPHIC STATICS. By H. H. Sprague, A.M.I.C.E. 

STRENGTH OF STRUCTURAL ELEMENTS. By E H. Spk*guh, A.M.1,C.E, 

GEAR CUTTING. By 0. W, BVRLEV, WIi.Bx., A.M.I M.E. 

MOVING LOADS BY INFLUENCE LINES AND OTHER METHODS. By B. H 
SpRjWUH, AM.],C.K. 

DRAWING OFFtCE PRACTICE. By W Cuecc. 

ESTIMATING STEELWORK FDR BUILDINGS. By D. P. F. Glegd iwd B. 
Bylaxdbb, M C.( 

THE THEORY OF THE CENTRIFUGAL AND TURBO PUMP. By J Wells^ 
Camekom. 

STRENGTH OF SHIPS. By James Berthau Thomas 

MACHINE SHOP PRACTICE. By G, W. Burley, Wh.Ex,, A.M.I.M.E. 

IRON AND STEEL. By J. S. Gleh PainRosB. 

ELECTRIC TRACTION. ByH.MSAVBRB. 

PRECISION GRINDING MACHINES. ByT. R. Shaw. 


For contents of these books, see List III, 
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{Sanitary Plumbing, Metal Work, etc.) 

UXtTERNAL PLUMBING WOKK. A Treatise on 

Lead Work for Roofs. By dOHN W. Hart, R.P.C. 180 Illustra- 
tions, 272 pp. Demy 8vo. Second Edition Revised. Price 
73, 6d. net, (Post free. Ss. home; Ss. 2d. abroad.) 

HINTS TO PLUMBEES ON JOINT WIPING, PIPE 
BENDING AND LEAD BURNING. Third Edition, 

Revised and Corrected. By John W. Hakt, R.P.C. 184 'Klus- 
trations. 313 to, Demy 8vo. Price 7s. 6d. net. (Post free, 
8s. home ; 8s. 4d. abroad.) 

SANITARY PLUMBING AND DRAINAGE. By 

John W, Hakt. Demy 8vo. With 208 Illustrations. 250 pp. 
1904. Price 7s, Gd. net. (Post free, 8s. home; fis, 2d. abroad.) 

THE PRINCIPLES OF HOT WATER SUPPLY. By 

John W. Hart, R.P.C, With 128 Illustrations. 177 pp. Demy 
8vo. Price 79. 6d. net. (Post free, Ss. home; 8a. 2d, abroad.) 

THE PRINCIPLES AND PRACTICE OF DIPPING, 
BURNISHING, LACQUERING AND BRONZ- 
ING BRASS WARE. By W. Nokman Brown, 

Revised and Enlarged Edition. Crown 8vo. 48 pp. Price 
3s. net. (Post free, 3s. 4d. home and abroad.) 

A HANDBOOK ON JAPANNING. For Ironware, 

Tinware, and Wood, etc. By Wim.iam Norman Brown. 
Second Edition, Crown 8vo. 7l> pages. 13 Illustrations. Price 
39, 6d. net, (Post free, 3s. lOd, home and abroad.) 

SHEET METAL WORKING. Cutting, Punching, 
Bending, Folding, Pressing, Drawing and Embossing Metals, 
with Machinery for same. By F. Gkorgi and A, Schubert. 
Translated from the German. Demy8vo. 160 pages. 12,5 Draw- 
ings and Illustrations. 2 Folding Plates. Price 7s. 8d, net. 
(Post free, 8s, liiime and abroad.) 

(Blectric Wiring, etc.) 
the DEVELOPMENT OF THE INCANDESCENT 
ELECTRIC LAMP. By G. Basil Barham, A.M.I.E.E. 

Demy 8vo. 200 pages, 2 Plates, 26 Illustrations and 10 Tables. 
- Price .'is, net, (Post free, 5s. 5d. home ; 8s. 8d. abroad,} 

WIRING CALCULATIONS POE ELECTRIC 
LIGHT AND POWER INSTALLATIONS. A 

Practical Handbook containing Wiring Tables, Rules, and 
Formula; for the Use of Architects, Engineers, Mining Engineers, 
and Electricians, Wiring Contractors and Wiremen, etc. By G. 
W. Luhkis Paterson. Crown 8vo. 96 pages. 35 Tables. 
Price 5s, net, (Post free, 59. Sd, home ; 5s, 6d. abroad.) 
ELECTRIC WIRING AND PITTING. By Sydney R 
Walker, R.N., M.I.Min.E,, A.M.lnsriC.E., etc., etc. 

Crown S VO. l.Sfl pp. With Illustrations and Tables, Price Ss. 
set. (Post free, 5s. 5d. home ; 5s. 6d. abroad.} 
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(Brewing and Botanical.) 

HOPS IN THEIR BOTANICAL, AORICULTURAI. 
AND TECHNICAL ASPECT, AND AS AN 
ARTICLE OF COMMERCE. By Bmmaf^uel Gross. 

Translated from the Germun. 78 Illus, 340 pp. DeinySvo. Price 
lOs. Sd. net (Post free, 11s. home ; 11s. 4d. abroad.) 

INSECTICIDES, FUNGICIDES AND WEED- 
EILLEX^, By E. Bourcart, D.Sc. Translated from 
the French. Revised and Adapted to British Standards and 
Practice. Demy Svo, 450 pages, S3 Tables, and 12 Illustrations.. 
Price 129. 6d, net. (Post free, 13s. home ; 13& 4d, abroad.) 

(Far Agricvltural Che/Rislry, nee p. g.) 

(Wood Products, Timber and Wood Waste.) 

WOOD PRODUCTS: DISTILLATES AND EX- 
TRACTS. By P. Dumesny, Chemical Engineer, 
Expert before the Lyons Commercial Tribunal, Member of the 
International Association of Leather Chemists; and J. Novbr. 
Translated from the French by Donald Grant, *'Rc^al Svo. 
320 pp. 103 Illustrations and Numerous Tables. Price 10s. 6d. 
net. (Post free, Us. Id home ; 11s. 8d. abroad,) 

TIMBER : A Comprehensive Study of Wood in all its 
Aspects (Commercial and Botanical), showing the different . 
Applications and Uses of Timl^er in Varrnus Trades, etc. Trans- 
lated from the French of Paul Chabpent[br. Royal Svo, 437 
pp. 178 Iliiistratious. Price 128. 6d, net. (Post free, 13 b. home ; 
133. 6d. abroad.) 

THE UTILISATION OP WOOD WASTE. Trans- 

lated from the German of K. Hubbard. Second Revised English 
Edition. Crown Svo. 208 pp. 50 lllua. Price 6s, net. (Post 
free, 5s, 5d. home; 5$. 6d. abroad.) 

{Hge tiLin Utilisatinn of Waste Products, p, 9,) ' 

(Building and Architecture.) 
ORNAMENTAL CEMENT WORK. By Omvbr 
Wheatley. Demy Svo. 83 Illustrations. 128 pp. Price 3a. 
net. (Post free, 5s, 5d. home ; Ss. 6d. abroad.) 

THE PREVENTION OF DAMPNESS IN BUILD- 
INGS; with Remarks on the Causes, Nature and 

Effects of Saline, Enfloresriences and Dry-rot, for Architects,. 
Builders, Overseers, Plasterers, Painters and House Ownel's. 
By Adolf Wileielm Keim. 3 ran slated from the German of the 
Second Revised Edition. Eight Coloured Plates 'andvThirteeir. 
Illustrations. Crown Svo. US pp. Price 5s, net. (‘Post free, 
5s. 4d. home and abroad.) 

HANDBOOK OF TECHNICAL TERMS USED IN 
ARCHITECTURE AND BUILDING, ANDTHEIH 
ALLIED TRADES AND SUBJECTS. By Aunus- 
TiNB C. Passmore. Demy 8vo. 390 pp. Price 7 b. 6d. net. 

(Post free, 8s. home ; 8s. 4d. ab road,) 

For conttttts of thtsc books, su List III. 
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(Foods, Drugs and Sweetmeats.) 

POOD AND DRUGS. ByE.'j, Parry, B.Sc.,F.I.C.,F.C.S. 

Volume I. The Analysis of Food and Drugs (Chemical and 
Microscopical). Royal Svo. 724 pp. Price 21s, net. (Post 
free, 21s. 7d, home; 22s. 6d. British Colonies; 23s. 3d. other 
Foreign Countries,} 

Volume II, The Sale of Food and Drugs Acts, 1875-1907. 
Royal 8vo. 184 pp, Pnce7s.6d.net. (Post free, 8s. home; 
8s. 4d. abroad.} 

THE MANUFACTURE OP PRESERVED POODS 
AND SWEETMEATS. By A. Hausner. With 

Twenty-eight Illustrations. Translated from the German of the 
thirdenlargedEdition, Second English Edition, CrownSvo. 225 
pp. Price 73. 6d. net. {Post free, 7s. lid, home: 8s. abroad.) 

RECIPES FOR THE PRESERVING OP FRUIT, 
VEGETABLES AND MEAT. By E. Wagner, 

Translated from the German. Crown 8vo. 125 pp. With 14 
Illustrati<tf s. Price .is. net. (Post free, .is. .id. home; 5s, 6d, 
abroad.) 

(Dyeing Fancy Goods.) 

THE ART OF DYEING AND STAINING MARBLE, 
ARTIFICIAL STONE, BONE, HORN, IVORY 
AND WOOD, AND OF IMITATING ALL SORTS 
OP WOOD. A Practical Handbook for the Use of 
Joiners, Turners, Manufatturers of Fancy Goods, Stick and 
Umbrella Makers, Comb Makers, etc. Translated from the 
German Soxhlet, Technical Chemist. Crown 8vo. 

168 pp. Price 5s. net, (Post free, 5s. 5d. home ; 5s. 6d. abroad.) 

(Celluloid.) 

CELLULOID : Its K.1W Material, Manufacture, Properties 

and Uses. A Haiirlbook for Manuiactuivrs of Celluloid and 
Celluloid Articles, and all IrJiisfrlr.s using Celluloid ; also for 
Dentists and Teeth Specialists. By Dr. Fr. BdCK.WANN, Tech- 
nical Chemist. Translated from the Third Revised German 
lEdition. CrownSvo. 120pp. With 49 lllustraiions. Price 5 B. 
liet, (Post free, 5s. Sd, home; 5s. (Si. abr. ad.) 


(Lithography, Printing and 
Engraving.) 

ART OP lATHOGRAFHY. By H, J. Rhodes. Demy 
8vo. 344 pages. 120 II lustrations. 2 Folding Plates. Copious 
combined Index and Glossary, Price 10s. 6d. net. (Post free, 
11 a. home ; Ils. 4d. abroad.) 
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PRINTERS’ AND STATIONERS’ READY 
RECKONER AND CQ>4PENDIUM. Compiled by 
Vector Graham. Crown Stow 112 pp. 1904. Pnce3s.6d.net. 
(Post free, 33, lid. home ; 4s. abroad.) 

ENGRAVING FOR ILLUSTRATION. HISTORI- 
CAL AND PRACTICAL NOTES. By J. Kirkbridb. 
72 pp. Two Plates and 6 Illustrations. Crown 6vo. Price 
23. 6d. net. (Post free, 2s. lOd. home and abroad.) 

(For Printing Inks, sr« p. 4.) 

(Bookbinding.) 

PRACTICAL BOOKBINDING. By Paul Adam. 

Translated from the German. Crown 8vo, 180 pp. 127 Illus- 
trations. Price 5s. net. (Post free, 5s. 5d. home ; 5s. fid. abroad.), 

(Sugar Refining.) 

THE TECHNOLOGY OF SUGAR: Practical Treatise 

on the Modern Methods of Manufacture of Suj{ar from the Sugar 
Cane and Sugar Beet. By John Gbddhs McIntosh^ Third Edi- 
tion, Revisedand Enlarged. Demy 9vo, 540 pages. 244 Illustra- 
tions. Price 128. fid. net. (Post free, 13s. home ; 13s. fid. abroad.) 

[jf-stst published, 

(.Sss “ KvapoTiUing, CmtiKHsiti.g, Hr:,, AppariUus," p. i:3.) 

(Emery.) 

EMERY AND THE EMERY INDUSTRY. Trans- 
lated from the German of A. Haenic. Crown 8vo. 45 Ulus. 
104 pp. Price 5s. net, (Post free, 5s. 5d. home: 5s. fid. abroad.) 

(Bibliography.) 

CLASSIFIED GUIDE TO TECHNICAL AND COM- 
MERCIAL BOOKS. Compiled by Edgar Grben- 

woon, Ihemy Hvo, 224 pp. 1R04, Being a Subject. [jst of the 
Principal British and Ameriian Rouhs in Print; giving Title, 
Author, Size, Date, Publisher and Price, Price 5s, net, (Post 
free, .53. 5d. liome ; 5s. fid. abroad.) 

HANDBOOK TO THE TECHNICAL AND ART 
SCHOOLS AND COLLEGES OF THE UNITED 
KINGDOM. Containing. particulars of nearly 1,OOC 

Technical, Commercial and Art Schools throughout the United 
Kingdom. With full particulars of the courses of instruction, 
names of principals, secretaries, etc. DemySvo, 150'pp. Price 
3s. Gd. net, (Post free, 4s, home and abroad.) 
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